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Description 

FIELD OF THE INVENTION 

5 [0001] The present Invention relates to a graft modified ethylene/a-olefin copolynner and an ethylene copolymer 
composition. More particularly, the invention relates to a graft modified ethylene/a-olefin copolymer and an ethylene 
copolymer composition both having high moldability and high adhesion strength to metals or polar resins and from 
which a film having higher transparency and mechanical strength as compared with films obtained from conventionally 
known ethylene copolymers or ethylene copolymer compositions can be produced, 

10 

BACKGROUND OF THE INVENTION 

[0002] Ethylene copolymers have heretofore been molded by various molding methods, and used In many fields. 
The requirement for the characteristics of the ethylene copolymers differs depending on the molding methods and 
15 uses. For example, when an Inflation film Is molded at a high speed, it is necessary to select an ethylene copolymer 
having a high melt tension compared with its molecular weight In order to stably conduct high speed molding without 

fluctuation or tearing of bubbles. An ethylene copolymer is required to have similar characteristics in order to prevent 
sag or tearing in blow molding, or to suppress width shortage to the minimum range in T-die molding. 
[0003] By the way, Japanese Patent L-O-P Nos. 90810/1981 and 106806/1985 propose a method for improving 
20 moldability by improving the melt tension and die swell ratio of ethylene polymers obtained by using Ziegler type cat- 
alysts, especially a titanium type catalyst. 

[0004] The ethylene polymers obtained by using a titanium catalyst, however, especially the low density ethylene 
polymers generally have problems such as their broad composition distribution and stickiness of their molded articles 
such as films. 

S5 [0005] Of the ethylene polymers prepared by using the Ziegler type catalysts, those obtained by using chromium 
type catalysts are relatively excellent in melt tension but has a defect of poor heat stability. This is thought to be caused 
by that the chain terminals of the ethylene. polymers prepared by using the chromium type catalysts tend to become 
unsaturated bonds. 

[0006] It is known that the ethylene polymers obtained by using a metallocene catalyst from among the Ziegler type 
30 catalysts have merits such as a narrow composition distribution and a low stickiness of their molded articles such as 
films. However, it is described in, for example Japanese Patent L-O-P. No. 35007/1985. that an ethylene polymer 
obtained by using a zirconocene compound formed from a cyclopentadleny! derivative contains one terminal unsatu- 
rated bond per molecule, and hence this ethylene polymer is presumably poor in heat stability similarly to the above- 
mentioned ethylene polymer obtained by using the chromium type catalyst. 
35 [0007] Accordingly, it will industrially be of great value to provide a catalyst for olefin polymerization or a process for 
olefin polymerization, by which an olefin copolymer, particularly an ethylene copolymer, having good heat stability, high 
mechanical strength and a narrow composition distribution can be prepared. 

[0008] By the way, ethylene copolymers generally have no polar group in the molecule and Inherently non-polar, so 
that they are insufficient in adhesion strength to highly polar materials such as metals and polar resins. For these 
40 reasons, when such ethylene copolymers are used by bonding them with the highly polar materials, it Is necessary to 
subject the surface of the ethylene copolymer to, for example, a flame treatment, a corona discharge treatment or a 
primer treatment, hence resulting in a problem of complicated operation. 

[0009] Accordingly, it will also industrially be of great value to provide an ethylene copolymer or an ethylene copolymer 
composition, which has high melt tension, good heat stability and high mechanical strength and shows sufficient ad- 

45 hesion strength to highly polar materials. 

[0010] EP-A-0 508 415 relates to polyolefin-based matt films or sheets which are prepared from a polymeric blend 
comprising a propylene polymer or copolymer and a specific ethylene-a-olefin copolymer (VLDPE, so-called "super 
low density polyethylene"). The polymeric blend in EP-A-0 508 415 may further comprise a high-pressure radical po- 
lymerisation processed ethylene polymer or copolymer and/or a modified polyolefin-based resin. The blend may further 

50 comprise an Inorganic filler and a flame retardant. The matt films or sheets prepared from these polymeric blends do 
not demonstrate high melt tension, good heat stability and high mechanical strength whilst showing sufficient adhesion 
strength to highly polar materials. 

[0011] EP-A'O 268 294 relates to peroxide free grafting of homopolymers and copolymers. The graft modified co- 
polymers produced in EP-A-0 268 294 do not possess high melt tension, good heat stability and highly mechanical 
55 strength whilst showing sufficient adhesion strength to highly polar materials. 
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OBJECT OF THE INVENTION 

[0012] It Is, therefore, an object of the present Invention to provide a graft modified ethylene/a-olefin copolymer and 
an ethylene copolymer composition both having good moldability and high adhesion strength to metals or polar resins 
5 and from which a film having higher transparency and mechanical strength as compared with films obtained from 
conventionally known ethylene copolymers or ethylene copolymer compositions can be produced. 

SUMMARY OF THE INVENTION 

10 [0013] The present invention provides a graft modified ethylene/a-olefin copolymer obtainable by graft copolymer- 
izing an ethylene/a-olefin copolymer with a polar monomer, wherein the ethylene/a-olefin copolymer Is a copolymer 
obtainable by copolymerlzing ethylene with an a-olefin of 3 to 20 carbon atoms In the presence of a catalyst for olefin 
polymerisation comprising (a) an organoaluminlum oxy-compound and (b) a compound of a Group IV transition metal 
of the periodic table containing a ligand having a cyclopentadienyl skeleton, wherein the ethylene/a-olefin copolymer 

IS has such properties that: 

(i) the density is in the range of 0.850 to 0.980 g/cm^; 

(ii) the melt flow rate (MFR) at 190 "C under a load of 2.16 kg is In the range of 0.01 to 200 g/IOmin, 

(iii) the melt tension (MT (g)), measured at a resin temperature of 190 '^C, an extrusion rate of 15 mm/min and a 
20 take-up rate of 1 0 to 20 m/min using a MT measuring apparatus having a nozzle diameter of 2.09 mm<|) and a 

nozzle length of 8 mm, and the melt flow rate (MFR) satisfy the relation 

MT > 2.2 X MFR"^®*, 

25 

and 

(iv) the flow index (Fl (1/sec)), measured at a resin temperature of 1 90 "C and a shear stress of 5 x 10* to 3 x 1 0® 
dyne/cm2 using a capillary type flow property tester, defined by a shear rate which Is given when the shear stress 
of molten copolymer at 190 reaches 2.4 x 10^ dyne/cm^, and the melt flow rate (MFR) satisfy the relation 



30 



40 



FI<150xMFR. 

[0014] The ethylene copolymer composition according to the present invention comprises [A] the above-mentioned 
graft modified ethylene/a-olefin copolymer and [B] polyolef in. wherein a weight ratio ([A]:[B]) between the graft modified 
ethylene/a-olefin copolymer [A] and the polyolefin [B] is in the range of 1 :99 to 99:1 . 

[001 5] The graft modified ethylene/a-olefin copolymer and the ethylene copolymer composition containing this co- 
polymer are excellent in heat stability and moldability. From the copolymer or the composition, a film having high 
transparency, high mechanical strength and sufficient adhesion strength to highly polar materials can be produced. 

BRIEF DESCRIPTION OF TH E DRAWINGS 



[0016] Fig. 1 Is an explanatory view of a process for preparing the first and second catalysts for use in the present 
Invention. 

45 [0017] Fig. 2 Is an explanatory view of a process for preparing the third to sixth catalysts for use In the present 

invention. 

[001 8] Fig. 3 is an explanatory view of a process for preparing the seventh to tenth catalysts for use In the present 
invention. 

[0019] Fig. 4 is a diagram showing a relationship between a melt flow rate (MFR) and a melt tension (MT) of the 
so ethylene/a-olefin copolymer for use In the present Invention and a relationship between MFR and MT of a conventionally 
known ethylene/a-olefin copolymer. 

DETAILED DESCRIPTION OF THE INVENTION 

55 [0020] Catalysts for olefin polymerization and process for olefin polymerization using said catalysts which are usable 
to produce ethylene/a-olefin copolymers which in turn are usable to produce the graft modified ethylene/a-olefin co- 
polymer and the ethylene copolymer composition, according to the present invention, will be described in detail here- 
inafter. 
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[0021] In this specification, the temi "polymerization" is used to mean not only homopolymerization but also copol- 

ymerizatlon, and the term "polymer" is used to mean not only a homopolymer but also a copolymer. 

[0022] Each catalyst component used in the catalyst for olefin polymerization is explained below. 

[0023] The organoalumlnum oxy-compound (a) [hereinafter sometimes referred to as "component (a)"] may be a 

known benzene-soluble aluminoxane or the benzene-insoluble organoalumlnum oxy-compound having been disclosed 

in Japanese Patent L-O-P No. 276807/1990. 

[0024] The above-mentioned aluminoxane may be prepared, for example, by the following procedures: 

(1) a procedure for recovering an aluminoxane as its hydrocarbon solution which comprises adding an organoa- 
lumlnum compound such as trialkylalumlnum to a suspension in a hydrocarbon medium of a compound containing 
adsorbed water, or a salt containing water of crystallization such as magnesium chloride hydrate, copper sulfate 
hydrate, aluminum sulfate hydrate, nickel sulfate hydrate and cerium chloride hydrate, and reacting the organoa- 
lumlnum compound; 

(2) a procedure for recovering an aluminoxane as its hydrocariDon solution which comprises reacting water, ice or 
steam directly with an organoalumlnum compound such as trialkylalumlnum in a solvent such as benzene, toluene, 
ethyl ether and tetrahydrofuran; and 

(3) a procedure for recovering an aluminoxane which comprises reacting an organotin oxide such as dimethyltl- 
noxlde and dibutyltlnoxide with an organoalumlnum compound such as trialkylalumlnum in a solvent such as de- 
cane, benzene or toluene. 

[0025] Moreover, the aluminoxane may contain a small amount of an organometal component. Furthermore, the 
solvent or un reacted organoaluminum compound may be removed from the above-mentioned recovered aluminoxane- 
contalning solution, by distillation, and the aluminoxane may be redlssolved in a solvent. 

[0026] Concrete examples of the organoalumlnum compound used for the preparation of the aluminoxane Include 

trialkylaluminum such as trimethylaluminum, triethylaluminum, tripropylaluminum, triisopropylalumlnum. tri-n-buty- 
lalumlnum, triisobutylalumlnum, tri-sec-butylalumlnum. tri-tert-butylaluminum. tripentylalumlnum, trihexylalumi- 
num, trioctylaluminum and tridecylaluminum; 

tricycloalkylaluminums such as tricyclohexylalumlnum and tricyclooctylaluminum; 

dialkylalumlnum halides such as dimethylalumlnum chloride, diethylaluminum chloride, diethylaluminum bromide 
and diisobutylaluminum chloride; 

dialkylalumlnum hydrides such as diethylaluminum hydride and diisobutylaluminum hydride; 
dialkylaluminum alkoxides such as dimethylalumlnum methoxide and diethylaluminum ethoxide; and 
dialkylalumlnum aryloxides such as diethylaluminum phenoxide. 

[0027] Of these compounds, trialkylaluminum and tricycloalkylalumlnum are particularly preferable. 

[0028] Furthermore, there may also be used as the organoaluminum compound Isoprenylaluminum represented by 

the general fomiula 

(»-C4H9)xAly(C5Hio)^ 
wherein x, y and z are each a positive number, and z ^ 2x. 

[0029] The organoaluminum compounds mentioned above may be used either singly or In combination. 
[0030] Solvents used for the solutions of the aluminoxane include aromatic hydrocarbons such as benzene, toluene, 
xylene, cumene and cymene; aliphatic hydrocarbons such as pentane, hexane, heptane, octane, decane, dodecane! 
hexadecane and octadecane; allcyclic hydrocarbons such as cyclopentane, cyclohexane, cyclooctane and methylcy- 
clopentane; petroleum fractions such as gasoline, kerosene and gas oil; and halogenated compounds derived from 
the above-mentioned aromatic hydrocarbons, aliphatic hydrocarbons and allcyclic hydrocarbons . especially chlorinat- 
ed and brominated hydrocarbons. 

[0031] In addition, there may also be used ethers such as ethyl ether and tetrahydrofuran. Of these solvents as 
exemplified above, aromatic hydrocarbons are particularty preferred. 

[0032] The benzene-insoluble organoalumlnum oxy-compounds used as component (a) contain an Al component 
soluble in benzene at 60*C in an amount of not greater than 1 0%, preferably not greater than 5%, partteularly preferably 
not greater than 2% In temris of Al atom, and they are insoluble or sparingly soluble In benzene. 
[0033] Solubility in benzene of such organoaluminum oxy-compounds as mentioned above is obtained by suspending 
in 100 ml of benzene the organoaluminum oxy-compound In an amount corresponding to 100 mg atoms In terms of 
Al, mixing the resulting suspension at 60'C for 6 hours with stirring, filtering the resulting mixture with a G-5 glass filter 
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equipped with a jacket kept at 60**C, washing 4 times the solid portion separated on the filter with 50 ml of benzene at 
60*'C, and measuring the amount (x mmole) of Al atoms present in the whole filtrate. 
[0034] Next, the transition metal compound catalyst components (b-l) and (b-ll) are explained below. 
[0035] The transition metal compound catalyst component (b-l) Is a transition metal compound represented by the 
following formula [I], and the transition metal compound catalyst component (b-ll) is a transition metal compound rep- 
resented by the following fonmula [II]. 

[I] 



[0036] In the fonmula [I], M is a transition metal atom selected from Group IVB of the periodic table, U is a ligand 
coordinating to the transition metal atom, at least two of are groups selected from a cyclopentadienyl group, a 
methylcyclopentadienyl group, an ethylcyclopentadlenyl group and a substituted cyclopentadienyl group having at least 
one substituent group selected from a hydrocarbon group of 3 to 10 carbon atoms, f other than the (substituted) 
'5 cyclopentadienyl group is a hydrocarbon group of 1 to 1 2 carbon atoms, an alkoxy group, an aryloxy group, a trialkylsilyl 
group, a halogen atom or a hydrogen atom. X is a valence of the transition metal atom M. 

ML^x ["1 

20 

[0037] In the formula [II], M is a transition metal atom selected from Group IVB of the periodic table, is a ligand 
coordinating to the transition metal atoni, at least two of are substituted cyclopentadienyl groups having 2-5 sub- 
stituent groups selected from a methyl group and an ethyl group, and other than the substituted cyclopentadienyl 
group is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an aryloxy group, a trialkylsilyl group, a halogen 
atom or a hydrogen atom. X is a valence of the transition metal atom M. 

[0038] The transition metal compounds represented by the above formula [1] or [II] are explained below in detail. 
[0039] In the above formula [I], M is a transition metal atom selected from Group IVB of the periodic table, and it is 
concretely zirconium, titanium or hafnium, preferably zirconium. 

[0040] f is a ligand coordinating to the transition metal atom M, and at least two of L'' are groups selected from a 
30 cyclopentadienyl group, a methylcyclopentadienyl group, an ethylcyclopentadienyl group and a substituted cyclopen- 
tadienyl group having at least one substituent group selected from a hydrocarbon group of 3 to 1 0 carbon atoms. Each 
of ligand may be the same or different. L"" other than the cyclopentadienyl group or the substituted cyclopentadienyl 
group is a hydrocarbon group of 1 to 1 2 carbon atoms, an alkoxy group, an aryloxy group, a trialkylsilyl group, a halogen 
atom or a hydrogen atom. 

35 [0041] The substituted cyclopentadienyl group may have two or more of substltuents. Each of substituent may be 
the same or different. When the substituted cyclopentadienyl has two or more of substltuents, at least one substituent 
is a hydrocarbon group of 3 to 10 carbon atoms, and the other substltuents are selected from a methyl group, an ethyl 
group and the hydrocariaon group of 3 to 1 0 carbon atoms. 

[0042] Examples of the hydrocarbon group of 3 to 10 carbon atoms include alkyi group, cycloalkyi group, aryl group 
^0 and aralkyi group. Concrete examples thereof include alkyl group such as n-propyl group, Isopropyl group, n-butyl 
group, Isobutyl group, sec-butyl group, t-butyl group, pentyl group, hexyl group, octyl group, 2-ethylhexyl group and 
decyl group; cycloalkyi group such as cyclopentyl group and cyclohexyl group; aryl group such as phenyl group and 
tolyl group; and aralkyi group such as benzyl group and neophyl group. Of these, preferred are alkyl groups, and 
particularly preferred are n-propyl group and n-butyl group. 
45 [0043] The (substituted) cyclopentadienyl group coordinated to the transition metal is preferably the substituted cy- 
clopentadienyl group, more preferably the cyclopentadienyl group substituted with alkyl group having 3 or more of 
carbon atoms, further preferably the substituted cyclopentadienyl group having two substltuents, and particularly the 
1 ,3-substituted cyclopentadienyl group. 

[0044] In the above-mentioned formula [I], ligand L'' other than the cyclopentadienyl group or the substituted cy- 
so clopentadienyi group is a hydrocari^on group of 1 to 12 carbon atoms, an alkoxy group, an aryloxy group, a trialkylsilyl 
group, a halogen atom or a hydrogen atom. 

[0045] Examples of the hydrocarbon group of 1 to 1 2 cartDon atoms Include alkyl group, cycloalkyi group, aryl group 
and aralkyi group. Concrete examples thereof include alkyl group such as methyl group, ethyl group, n-propyl group, 
isopropyl group, n-butyl group, isobutyl group, sec-butyl group, t-butyl group, pentyl group, hexyl group, octyl group, 
55 2-ethylhexyl group and decyl group; cycloalkyi group such as cyclopentyl group and cyclohexyl group; aryl group such 
as phenyl group and tolyl group; and aralkyi group such as benzyl group and neophyl group. 

[0046] Examples of the alkoxy group include methoxy group, ethoxy group, n-propoxy group, isopropoxy group, n- 
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butoxy group, isobutoxy group, sec-butoxy group, t-butoxy group, pentoxy group, hexoxy group and octoxy group. 
[0047] Examples of the aryloxy group include phenoxy group. 

[0048] Examples of the trialkylsilyl group include trimethylsilyl group, triethylsilyl group and triphenylsilyl group. 

[0049] Examples of the halogen atom include fluorine, chlorine, bromine and iodine. 

[0050] Listed below are examples of the transition metal compound represented by the formula [I]. 

Bis(cyclopentadlenyl)2irconium dichloride, 
Bis(methylcyclopentadienyl)2irconium dichloride, 
Bis (ethylcyclopentadienyl)zirconium dichloride, 
Bis(n-propylcyclopentadienyl)zjrconium dichloride, 
Bis(n-butylcyclopentadlenyl)2irconlum dichloride, 
Bis(n-hexylcyclopentadienyl)zirconium dichloride, 
Bis(methy!-n-propylcyclopentadienyl)zirconium dichloride, 
Bis(methyl-n-butylcyclopentadienyl)zirconlum dichloride, 
Bis(dimethyl-n-butylcyclopentadienyl)zirconium dichloride, 
Bis(n-butylcyclopentadienyi)2irconium dibromide, 
Bis {n-butylcyclopentadienyl)zirconium methoxychloride, 
Bis(n-butylcyclopentadienyl)zirconium ethoxychloride, 
Bis(n-butylcyclopentadienyl)zirconium butoxychtoride, 
Bis(n-butylcyclopentadienyl)zirconium diethoxide, 
Bis(n-butylcyclopentadienyl) zirconium methylchloride 
Bis(n-butylcyclopentadienyl)zirconium dimethyl, 
Bis(n-butylcyclopentadrenyl)zirconium benzylchloride, 
Bis(n-butylcyctopentadienyl)ztrconium dibenzyl, 
Bis(n-butylcyclopentadienyl)zirconium phenylchloride, and 
Bis(n-butylcyclopentadienyl)zirconium hydride chloride. 

[0051] In the above exemplified compounds, di-substituted cyclopentadienyl include 1,2- and 1 ,3-substituted, and 
trisubstituted include 1,2,3- and 1 ,2,4-substituted. Also employable are transition metal compounds obtained by sub- 
stituting titanium metal or hafnium metal for the zirconium metal in the above-exemplified zirconium compounds. 
[0052] Of the above-exemplified transition metal compounds represented by the formula [1], particulariy preferred 
are Bis(n-propylcyclopentadienyl)zirconium dichloride, Bis(n-butylcyclopentadienyl)zirconium dichloride, Bis(1-methyl- 
3-n-propylcyclopentadienyl)zirconium dichloride and Bis(1 -methyl -3-n-butylcyclopentadienyl)zirconium dichloride. 
[0053] In the above-mentioned formula [II], M is a transition metal selected from Group IVB of the periodic table, and 
concrete preferable examples of M include zirconium, titanium and hafnium. Of these, particulariy preferred is zirco- 
nium. 

[0054] is a ligand coordinated to the transition metal, and at least two of them are substituted cyclopentadienyl 
groups having 2 - 5 of substituents selected from a methyl group and an ethyl group. Each of ligand may be the same 
or different. The substituted cyclopentadienyl groups are the substituted cyclopentadienyl groups having 2 or more of 
substituents, preferably the substituted cyclopentadienyl groups having 2 or 3 of substituents, more preferably the 
substituted cyclopentadienyl groups having two substituents, particulariy the 1 ,3-substituted cyclopentadienyl groups. 
Each of substituent may be the same or different. 

[0055] In the above-mentioned fonnula [II], ligand other than the substituted cyclopentadienyl group is a hydro- 
carbon group of 1 to 12 carbon atoms, an alkoxy group an aryloxy group, a trialkylsilyl group, a halogen atom or a 
hydrogen atom as similar to the ligand L"* In the above-mentioned formula [I]. 

[0056] The transition metal compound represented by the general formula [II] include, for example, 



Bis(dimethylcyclopentadienyl)zirconium dichloride, 
Bis(diethylcyclopentadrenyl)zirconium dichloride, 
Bis(methylethylcyclopentadienyl)zirconlum dichloride, 
Bis(dimethylethylcyclopentatienyl)2irconium dichloride, 
Bis(dimethylcyclopentadienyl)2irconium dibromide, 
Bis (dimethylcyclopentadienyl)zirconium methoxychloride, 
Bis{dimethylcyclopentadienyl)zlrconium ethoxychloride, 
Bis(dimethylcyclopentadienyl)2irconium butoxychloride, 
Bis(dimethylcyclopentadienyl) 2irconium diethoxide, 
Bis(dimethylcyclopentadienyl)zirconium methylchloride, 
Bls(dimethylcyclopentadienyl)zirconium dimethyl, 
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Bis(dlnnethylcyclopentadienyl)zirconium benzylchloride, 
Bis(dlmethylcyclopentadienyl)zlrconium dibenzyl, 

Bis(dimethylcyclopentadienyl)zirconium phenylchloride. and Bls(dimethylcyclopentadtenyl)zirconjum hydride 

rhlorirl*a 



[0057] In the above exemplified compounds, di-substituted cyclopentadienyl include 1.2- and 1 ,3-substituted, and 
trisubstituted include 1 ,2,3- and 1 ,2,4-substltuted. 

[0058] There may also be used transition metal compounds obtained by substituting titanium or hafnium for zirconium 
in the above-exemplified zirconium compounds. ' 
[0059] In the above-mentioned transition metal compounds represented by the general formula [11], particularly pre- 
ferred is 



Bis(1 ,3-dimethylcyclopentadrenyl)zirconium dichioride, 
Bis(1 ,3-dlethylcyclopentadjenyl)2irconium dichioride. or 
Bis (1-methyl-3-ethylcyclopentadlenyl)zirconium dichioride. 



[0060] In the catalysts, it is preferred to use a combination of at least one kind of a transition metal compound rep- 
resented by the above formula (II and at least one kind of a transition metal compound represented by the above 
formula [II] as the transition metal compound (b). In concrete, preferably used are a combination of bis(1,3-n-butyl- 
methylcyclopentadienyl)zirconium dichioride and bis(1,3-dimethylcyclopentadienyl)zirconium dichioride. a combina- 
tion of bis(1,3-n-propylmethylcyclopentadienyl)zlrconlum dichioride and bis(1 .3-dimethylcyclopentadlenyl)zirconium 
dichioride, and a combination of bls(n-butylcyciopentadlenyl)z}rconium dichioride and bis(1 ,3-dimethylcyclopentadi- 
enyl)zirconium dichioride 



[0061] The above-mentioned at least one kind of a transition metal compound (b-l) represented by the formula [1] 
and at least one kind of a transition metal compound (b-ll) represented by the formula [II] are desirably used in such 
amounts that the molar ratio [(b-l)/(b-ll)] is in the range of 99/1 to 50/50, preferably 97/3 to 70/30, more preferably 95/5 
to 75/25, most preferably 90/1 0 to 80/20. 

[0062] A transition metal compound catalyst component containing at least one kind of a transition metal compound 
(b-l) represented by the formula [I] and at least one kind of a transition metal compound (b-ll) represented by the 
formula [II] is sometimes referred to as "component (b)" hereinafter. 

[0063] Examples of the organoalumlnum compound (c) [hereinafter sometimes referred to as "component (c)") in- 
clude an organoaluminum compound represented by the following fonnula [III]. 



s-n [111] 



wherein Is a hydrocarbon group of 1 to 12 carbon atoms, X is a halogen atom or a hydrogen atom, and n is 1 to 3. 
[0064] In the above fonnula [III], R1 is a hydrocarbon group of 1 to 12 carbon atoms, for example, an alkyi group, a 
cycloalkyi group or an aryl group. Concrete examples of R1 include riiethyl, ethyl, n-propyl, isopropyl, isobutyl, pentyl, 
hexyL octyl, cyclopentyl, cyclohexyl, phenyl and tolyl. 

[0065] Concrete examples of such organoaluminum compounds (c) include 

trialkylaluminum such as trimethylaluminum. triethylaluminum, triisopropylaluminum, triisobutylaluminum. triocty- 
laluminum and tri-2-ethylhexylaluminum; 
alkenylaluminum such as isoprenylaluminum; 

dialkylaluminum halides such as dimethylaluminum chloride, diethylalumlnum chloride, diisopropylaluminum chlo- 
ride, diisobutylaluminum chloride and dimethylaluminum bromide; 

alkylalumlnum sesquihalides such as methylaluminum sesquichloride, ethylaluminum sesqulchloride, isopropyla- 
luminum sesquichloride, butylaluminum sesquichloride and ethylaluminum sesquibromide; 
alkylalumlnum dihalides such as methylaluminum dichioride, ethylaluminum dichioride, isopropylaluminum dichio- 
ride and ethylaluminum dibromide; and 

alkylalumlnum hydrides such as diethylaluminum hydride and diisobutylaluminum hydride. 

[0066] Furthermore, there may also be used other organoaluminum compounds represented by the following formula 
[IV] as the organoaluminum compound catalyst component (c); 
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IS 



20 



25 



30 



35 



R\AIY3.„ [IV] 

wherein Ri is as defined previously. Y is -OR2, -OSiR^a, -OAlR^g. -NR^g, -SiR^a or -N(R7)AIR82, n is 1 to 2, R2, R3. r4 
and R8 are each methyl. ethyL isopropyl, isobutyl, cyclohexyl or phenyl, RS Is hydrogen, methyl, ethyl, isopropyl, phenyl 
or trimethylsilyl, r6 and R7 are each methyl or ethyl. 

[0067] The organoalumlnum compounds as mentioned above Include, in concrete, such compounds as enumerated 
below. 

(1) Compounds of the formula R^^AI {OR?)3.n such as dimethylalumlnum methoxide, diethylalumrnum cthoxide 
and diisobutylaluminum methoxide. 

(2) Compounds of the formula R^nAI(OSiR33)3.n such as EtaAKOSiMeg), (iso-Bu)2AI(OSIMe3) and (lso-Bu)2AI 

(OSlEta). 

(3) Compounds of the formula Ri^AI (OAIR'^2)3-n such as EtgAIGAIEta and (iso-Bu)2AIOAI (iso-Bu)2. 

(4) Compounds of the formula R''nAI(NR52)3.„ such as Me2AINEt2. Et2AINHMe, Me2AINHEt. Et2AIN(SiMe3)2. (Iso- 
Bu)2AlN(SiMe3)2. . 

(5) Compounds of the formula R^„AI(SiR63)3.n such as (iso-Bu)2AISIMe3. 

(6) Compounds of the formula 

RlnAl(NAlRB2)3-n 
I 

such as 



Et:2AlNAIEt2 and (iso-Bu) 2AINAI (Iso-Bu) 2 . 
I I 
Me Et 

[0068] Of the organoalumlnum compounds as exemplified above, prefen-ed are those having the formulas 

R^ 3AI, R^ „AI (OR^)3.„ and r' nAI(OAIR^2)3-n. 



and particularly preferred are those having the above-mentioned formulas in which R is isoalkyi and n is 2. 
40 [0069] The organoalumlnum compound (d) (hereinafter sometimes referred to as "component (d)"] used In the 
present invention is the same as the above mentioned component (c). 

[0070] The carrier used in the present catalyst is a solid inorganic or organic compound In granules or fine particles 
having a particle size of 10 to 300 \im, preferably 20 to 200 \xm. Of these carriers, porous oxides are preferable as 
inorganic carriers. Concrete examples of the oxide earners Include Si02: AlgOg, MgO, ZrOg, TiOg. B2O3, CaO, ZnO, 
45 BaO, Th02, or a mixture of these compounds such as SiOa-MgO, SiOg-AlgOs, Si02-Ti02, SiOg-VgOg, Si02-Cr203 and 
Si02-Ti02-MgO. Of these carriers, preferred are those comprising at least one compound selected from the group 
consisting of SiOg and AI2O3 as a major component. 

[0071] Furthermore, the above-mentioned inorganic oxide or oxides may also contain a small amount of a carbonate, 
a sulfate, a nitrate and an oxide such as NagCOa. K2CO3, CaC03, MgC03, Na2S04, Al2(S04)3. BaS04, KNO3, Mg 

50 (N03)2. AI(N03)3, Na20, KgO and Li02. 

[0072] Though the carriers have different properties among them depending on the types and preparation methods 
thereof, the carriers preferably used have a specific surface area of 50 to 1000 m^/g, preferably 100 to 700 m^/g, a 
pore volume of desirably 0.3 to 2.5 cm2/g. The canriers are prepared If necessary by firing at a temperature of 100 to 
1000*C, preferably 160 to 700*0. 

55 [0073] It is also desirable that this earner has an amount of adsorbed water of less than 1 .0% by weight, preferably 
less than 0.5% by weight, and a surface hydroxyl group in an amount of 1 .0% by weight or more, preferably 1 .6-4.0% 
by weight and especially 2.0-3.5% by weight. 
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[0074] The amount of adsorbed water (% by weight) and that of the surface hydroxyl group (% by weight) are obtained 
by the following procedures. 

(Amount of adsorbed water) 

5 

[0075] The specimen is dried at a temperature of 200"C, an ordinary pressure and in a nitrogen stream for 4 hours 
to measure a weight loss which is then tal^en as the amount of adsorbed water. 

(Surface hydroxyl group) 

10 

[0076] The weight measured by drying the carrier at a temperature of 200°C, an ordinary pressure in a nitrogen 
stream for 4 hours is taken as X (g), and the earner as dried is then calcined at a temperature of 1 .OOO^'C for 20 hours 
to obtain a calcined product from which the surface hydroxyl groups have disappeared, and the weight of the calcination 
product as measured is taken as Y (g). The amount of the surface hydroxyl groups Is calculated on the basis of the 
IS following equation. 



Surface hydroxyl group (wt %) = [(X-Y)/X] x 100 

[0077] l\rtoreover, there can be mentioned organic compounds In solid granules or fine solid particles each having a 
particle size of 10 to 300 \m\ as carriers which can be used as the can-ier in the present catalysts. Examples of these 
organic compounds include (co)polymers containing as the main component constituent units derived from an a-olefin 
of 2 to 14 carbon atoms, such as ethylene, propylene, 1-butene and 4-methyl-1 -pentene, or polymers or copolymers 
containing as the main component constituent units derived from vinylcyclohexane or styrene. 

[0076] The first catalyst for olefin polymerization is formed from the component (a) and the component (b). The 
second catalyst for olefin polymerization is fomied from the component (a), the component (b) and the component (c). 
[0079] The first catalyst for olefin polymerization can be prepared by mixing and contacting the component (a) with 
the component (b) In or outside a polymerizer. Preferably, the component (a) is made solid component and the resultant 
solid component is mixed and contacted with the component (b) outside a polymerizer to prepare a solid catalyst, or 
the component (a) is mixed and contacted with the component (b) outside a polymerizer to prepare a solid catalyst, 
and then the solid catalyst thus prepared is added to the polymerization system. 

[0080] The second catalyst for olefin polymerization can be prepared by mixing and contacting the component (a), 
the component (b) and the component (c) with each other in or outside a polymerizer. Preferably, the component (a) 
is made solid component and the resultant solid component is mixed and contacted with the component (b) outside a 
polymerizer to prepare a solid catalyst, or the component (a) is mixed and contacted with the component (b) outside 
a polymerizer to prepare a solid catalyst, and then the solid catalyst thus prepared Is added to the polymerization 
system to contact it with the component (c) in the polymerization system. 

[0081] The contact between the component (a) and the component (b) is carried out in an inert solvent. Though the 
mixing of each components may be conducted In an arbitrarily selected order, it is preferred to add the component (b) 
to a suspension of the component (a). Further, it is preferred that at least two kinds of the transition metal compounds 
are beforehand mixed to form the component (b) and then the component (b) is contacted with other component. 
[0082] Concrete examples of the inert hydrocarbon solvent used herein include aliphatic hydrocarbons, such as 
propane, butane, pentane, hexane, heptane, octane, decane, dodecane and kerosine; alicyclic hydrocarbons, such 
as cyclopentane, cyclohexane and methylcyclopentane; aromatic hydrocarbons, such as benzene, toluene and xylene; 
halogenated hydrocarbons, such as ethylene chloride, chlorobenzene and dichloromethane; and mixtures thereof. 
[0083] When the components (a) and (b) or the components (a), (b) and (c) are mixed and contacted with each other 
to prepare the catalyst, a concentration of the aluminum atom in the component (a) is in the range of about 0.1 to 5 
mol/l, preferably 0.3 to 3 mol/l. An atomic ratio (Al/transition metal) of the aluminum atom (Al) in the component (a) to 
the transition metal in the component (b) is in the range of usually 10 to 500, preferably 20 to 200. If the component 
(c) is used, an atomic ratio (AI-c/AI-a) of the aluminum atom (Al-c) in the component (c) to the aluminum atom (Al-a) 
in the component (a) is in the range of usually 0.02 to 3, preferably 0.05 to 1.5. The temperature for contacting the 
components (a) and (b) or contacting the components (a), (b) and (c) is in the range of usually -50 to 150 *C. preferably 
-20 to 120 and the period of time therefor is in the range of usually 1 minute to 50 hours, preferably 1 0 minutes to 
25 hours. 

[0084] In the first catalyst for olefin polymerization prepared above, the transition metal atom derived from the com- 
ponent (b) is desirably contained in an amount of 5 x lO-^ to 5 x 10-^ g-atom, preferably lO'S to 2 x lO"** g-atom, per 
1 g of the catalyst, and the aluminum atom derived from the component (a) is desirably contained in an amount of 1 0-2 
to 2.5 X 1 0-2 g.atom, preferably 1 .5 x 1 0-2 to 2 x 1 0-2 g-atom, per 1 g of the catalyst. 
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[0085] In the second catalyst for olefin potymerization prepared above, the transition metal atom derived from the 
component (b) is desirably contained In an amount of 5 x 1 0*6 to 5 x 1 Q--* g • atom, preferably 10-^ to 2 x 10-* g-atom, 
per 1 g of the catalyst, and the aluminum atom derived from the component (a) and the component (c) is desirably 
contained in an amount of 10-2 to 2,5 x 10-2 g.atom, preferably 1.5 x 10*2 to 2 x 10-2 g-atom, per 1 g of the catalyst. 
[0086] The third catalyst for olefin polymerization is a solid catalyst (component) in which the component (a) (orga- 
noaluminum oxy-compound) and the component (b) (at least two kinds of transition metal compounds) are supported 
on the carrier. 

[0087] The fourth catalyst for olefin polymerization is formed from a solid catalyst component (C-1) in which the 
component (a) and the component (b) are supported on the carrier and the component (d) (organoaluminum com- 
pound). 

[0088] The fifth catalyst for olefin polymerization is a solid catalyst (component) in which the component (a), the 
component (b) and the component (c) (organoaluminum compound) are supported on the carrier. 
[0089] The sixth catalyst for olefin polymerization is formed from a solid catalyst component (C-2) in which the com- 
ponent (a), the component (b) and the component (c) are supported on the carrier, and the component (d). 
[0090] The third catalyst for olefin polymerization (solid catalyst component (C-1)) can be prepared by contacting 
the components (a) and (b) with the carrier. 

[0091] The fifth catalyst for olefin polymerization (solid catalyst component (C-2)) can be prepared by contacting the 
components (a), (b) and (c) with the carrier. 

[0092] In the preparation of the third catalyst for olefin polymerization (solid catalyst component (C-1)), the contact 
between the carrier, the component (a) and the component (b) may be conducted in an artaitrarily selected order, but 
it is prefen-ed to contact the carrier with the component (a), followed by contacting the component (b). 
[0093] In the preparation of the fifth catalyst for olefin polymerization (solid catalyst component (C-2)), the contact 
between the carrier and the components (a) to (c) may be conducted in an artaitrarily selected order, but it Is preferred 
to contact the carrier with the component (a) and then with the component (b), followed by contacting the component (c). 
[0094] Further, it is preferred that at least two kinds of the transition metal compounds are beforehand mixed to form 
the component (b) and then the component (b) is contacted with other components. 

[0095] The contact of the carrier with the components (a) to (c) can be carried out in an inert hydrocarbon. solvent. 
Concrete examples of the inert hydrocarbon solvent used herein are the same as described before. 
[0096] In the contact of the carrier with the components (a) and (b) or in the contact of the carrier with the components 
(a) to (c), the component (b) is used in an amount of usually 5 x 1 Q-e to 5 x 1 Q-^ mol, preferably 1 0-s to 2 x 1 Q--* mol, 
per 1 g of the carrier, and the concentration of the component (b) is in the range of about 1 0"^ to 2 x 1 0-2 mol/1 (solvent), 
preferably 2 x 10*4 to 10*2 mol/l (solvent). An atomic ratio (Al/transitlon metal) of the aluminum atom (Al) in the com- 
ponent (a) to the transition metal in the component (b) is in the range of usually 10 to 500, preferably 20 to 200. An 
atomic ratio (AI-c/AI-a) of the aluminum atom (Al-c) in the component (c) to the aluminum atom (Al-a) in the component 
(a) Is in the range of usually 0.02 to 3, preferably 0.05 to 1.5. The temperature for contacting the carrier with the 
components (a) and (b) or contacting the carrier with the components (a) to (c) is in the range of usually -50 to 150 
^C, preferably -20 to 120 °C, and the period of time therefor is in the range of 1 minute to 50 hours, preferably 10 
minutes to 25 hours. 

[0097] In the third catalyst for olefin polymerization (solid catalyst component (C-1)) prepared above, the transition 
metal atom derived from the component (b) is desirably supported in an amount of 5 X 10-6 to 5 x 10"* g • atom, 
preferably 10-5 to 2 x lO"* g atom. per 1 g of the carrier, and the aluminum atom derived from the component (a) is 
desirably supported in an amount of 1 0-3 to 5 x 1 0-2 g-atom, preferably 2 x 1 0*3 to 2 x 1 0-2 g-atom, per 1 g of the carrier. 
[0098] The fourth catalyst for olefin polymerization is formed from the above-mentioned solid catalyst component 
(C-1) and the organoaluminum compound (d). In this catalyst, the component (d) is desirably employed In such an 
amount that the atomic ratio (Al/M) of the aluminum atom derived from the component (d) to the transition metal atom 
(M) derived from the transition metal compound in the solid catalyst component (C-1) is in the range of 5 to 300, 
preferably 1 0 to 200, more preferably 1 5 to 1 50. 

[0099] In the fifth catalyst for olefin polymerization (solid catalyst component (C-2)), the transition metal atom derived 
from the component (b) is desirably supported in an amount of 5 x 1 0"^ to 5 x 1 0-"^ g-atom, preferably 1 0^^ to 2 x 1 0"* 
gatom, per 1 g of the carrier, and the aluminum atom derived from the component (a) and the component (c) Is desirably 
supported in an amount of 1 0-3 to 5 x 1 0*2 g-atom, preferably 2 x 1 0-3 to 2 X 1 0-2 g-atom, per 1 g of the carrier. 
[01 00] The sixth catalyst for olefin polymerization is formed from the above-mentioned solid catalyst component (C- 
2) and the organoaluminum compound (d). In this catalyst, the component (d) is desirably employed in such an amount 
that the atomic ratio (Al/M) of the aluminum atom derived from the compound (d) to the transition metal atom (M) 
derived from the transition metal compound in the solid catalyst component (C-2) is in the range of 5 to 300, preferably 
10 to 200, more preferably 15 to 150. 

[0101] The seventh catalyst for olefin polymerization is a prepolymerized catalyst (component) obtained by prepo- 
lymerizing an olefin on the solid catalyst component (C-1 ) in which the component (a) (organoaluminum oxy-compound) 
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and the component (b) (at least two kinds of transition nnetai connpounds) are supported on the canier. 
[0102] The eighth catalyst for olefin polymerization Is fomned from a prepotymerized catalyst component (C-3) ob- 
tained by prepolymerizing an olefin on the solid catalyst component (C-1), and the component (d) (organoaluminum 
compound). 

5 [0103] The ninth catalyst for olefin polymerization is a prepolymerized catalyst (component) obtained by prepolym- 
erizing an olefin on the solid catalyst component (C-2) in which the component (a), the component (b) and the com- 
ponent (c) (organoaluminum compound) are supported on the carrier. 

[0104] The tenth catalyst for olefin polymerization is formed from a prepolymerized catalyst component (C-4) obtained 
by prepolymerizing an olefin on the solid catalyst component (C-2), and the component (d) (organoaluminum com- 
10 pound). 

[0105] The seventh catalyst for olefin polymerization (prepolymerized catalyst component (C-3)) can be prepared 
by introducing an olefin into an inert hydrocarbon solvent in the presence of the carrier, the component (a) and the 
component (b) to perform prepolymerization. The carrier, the component (a) and the component (b) preferably form 
the above-mentioned solid catalyst component (C-1). In this case, the component (a) or the component (c) may be 

»5 further added In addition to the solid catalyst component (C-1). 

[0106] The ninth catalyst for olefin polymerization (prepolymerized catalyst component (C-4)) can be prepared by 
introducing an olefin Into an inert hydrocarbon solvent in the presence of the carrier and the components (a) to (c) to 
prefomn prepolymerization. The carrier and the components (a) to (c) preferably fomn the above-mentioned solid cat- 
alyst component (C-2). In this case, the component (a) or the component (c) may be further added in addition to the 

20 solid catalyst component (C-2). 

[0107] Examples of the olefins used for the prepolymerization Include ethylene, and a-olefins having 3 to 20 carbon 
atoms such as propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene and 
1-tetradecene. Of these, particularly preferred is ethylene or a combination of ethylene and the same a-olefin as used 
for the polymerization. 

25 [01 08] Examples of the inert hydrocarbon solvent used herein are the same as used for preparing the aforementioned 
solid catalyst component. 

[0109] In the prepolymerization, the component (b) is used in an amount of usually 10*^ to 2 x 10'^ mol/l (solvent), 
preferably 5x10-5 to 10-2 moi/i (solvent), in terms of the transition metal atom in the component (b). Further, the 
component (b) is used In an amount of usually 5 x 10-6 to 5 x io-^ mol, preferably IQ-s to 2 x 10-^ mol, in terms of 
30 the transition metal atom in the component (b), per 1 g of the carrier. An atomic ratio (Al/transition metal) of the aluminum 
atom (Al) in the component (a) to the transition metal in the component (b) is in the range of usually 1 0 to 500, preferably 
20 to 200. An atomic ratio (AI-c/AI-a) of the aluminum atom (Al-c) in the component (c) to the aluminum atom (Al-a) in 
the component (a) is in the range of usually 0.02 to 3, preferably 0.05 to 1 .5. 

[0110] The temperature for the prepolymerization is In the range of -20 to 80 ®C, preferably 0 to 60 •C, and the period 
35 of time therefor Is in the range of 0.5 to 100 hours, preferably 1 to 50 hours. 

[0111] The prepolymerization may be carried out either batchwise or continuously, and may be carried out under 
reduced pressure, atmospheric pressure or application of pressure. In the prepolymerization, hydrogen is desirably 
allowed to exist to obtain a prepolymer having an intrinsic viscosity. [t^], as measured in decalln at 135 'C, of 0.2 to 7 
dl/g, preferably 0.5 to 5 dl/g. 

40 [01 1 2] The catalyst for olefin polymerization can be prepared, for example, in the following manner. First, the carrier 
is suspended in an Inert hydrocarbon to give a suspension. To the suspension is added the organoaluminum oxy- 
compound (component (a)) to perform reaction for a predetemriined time. Then, a supernatant liquid is removed, and 
the resultant solid component is again suspended in an inert hydrocarbon. Subsequently, to the system are added the 
transition metal compounds (component (b)) to perfonn reaction for a predetermined time. A supernatant liquid is 

45 removed again to obtain a solid catalyst component. The solid catalyst component thus obtained Is added to an Inert 
hydrocarbon containing the organoaluminum compound (component (c)), followed by introducing an olefin, to obtain 
a prepolymerized catalyst (component). 

[01 13] In the seventh catalyst for olefin polymerization (prepolymerized catalyst component (C-3)) prepared above, 
it is desired that a prepolymer is prepared in an amount of 0.1 to 500 g, preferably 0.2 to 300 g, more preferably 0.5 

50 to 200 g, per 1 g of the carrier; the component (b) is supported in an amount of about 5 x lO ® to 5 x lO'-* g-atom, 
preferably 10-5 to 2 x 10-* g-atom, in temis of the transition metal atom In the component (b), per 1 g of the carrier; 
and the aluminum atom (Al) derived from the component (a) is supported in such an amount that the molar ratio (At/ 
M) of the aluminum atom (Al) derived from the component (a) to the transition metal atom (M) derived from the com- 
ponent (b) is In the range of 5 to 200, preferably 1 0 to 150. 

55 [0114] The eighth catalyst for olefin polymerization is formed from the above-mentioned prepolymerized catalyst 
component (C-3) and the organoaluminum compound (d). In this catalyst, the component (d) is desirably employed in 
such an amount that the molar ratio (Al/M) of the aluminum atom (Al) derived from the component (d) to the transition 
metal atom (M) derived from the component (b) in the prepolymerized catalyst component (C-3) is in the range of 5 to 
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300, preferably 10 to 200, more preferably 15 to 150. 

[0115] In the ninth catalyst for olefin polynnerization (prepolymerlzed catalyst connponent (C-4)), it is desired that a 
prepolynner Is prepared in an amount of 0.1 to 500 g, preferably 0.2 to 300 g, more preferably 0.5 to 200 g, per 1 g of 
the carrier; the component (b) is supported In an amount of about 5 x 10-6 to 5 x g.atom, preferably ^0-^ to 2 x 
1 0-^ g atom, in terms of the transition metal atom In the component (b), per 1 g of the carrier; and the aluminum atom 
(Al) derived from the component (a) and the component (c) is supported in such an amount that the molar ratio (Al/M) 
of the aluminum atom (Al) derived from the component (a) and the component (c) to the transition metal atom (M) 
derived from the component (b) is in the range of 5 to 200, preferably 10 to 150. 

[01 1 6] The tenth catalyst for olefin polymerization Is formed from the above-mentioned prepolymerlzed catalyst com- 
ponent (C-4) and the organoaluminum compound (d). In this catalyst, the component (d) is desirably employed in such 
an amount that the molar ratio (Al/M) of the aluminum atom (Al) derived from the component (d) to the transition metal 
atom (M) derived from the component (b) in the prepolymerized catalyst component (C-4) is In the range of 6 to 300, 
preferably 1 0 to 200. more preferably 1 5 to 1 50, 

[0117] Polymerization or copolymerization of olefin is carried out In the presence of any of the first to tenth catalysts 
for olefin polymerization in either a gas phase or a liquid phase such as sluny. In the slurry polymerization, an Inert 
hydrocarbon may be used as a solvent, or the olefin itself may be used as a solvent. 

[0118] Examples of the inert hydrocarbon solvent used In the sluny polymerization Include aliphatic hydrocariaons, 
such as propane, butane, isobutane, pentane, hexane, octane, decane, dodecane, hexadecane and octadecane; al- 
icyclic hydrocarbons, such as cyclopentane, methylcyclopentane, cyclohexane and cyclooctane; aromatic hydrocar- 
bons, such as benzene, toluene and xylene; and petroleum fractions, such as gasoline, keroslne and gas oil. Of these, 
prefen-ed are aliphatic hydrocarbons, alicyclic hydrocarbons and petroleum fractions. 

[0119] In the slurry polymerization or the gas phase polymerization, the above-mentioned catalyst is used in such 
an amount that the concentration of the transition metal atom in the polymerization reaction system is In the range of 
usually 10-8 to 10-3 g.atom/l, preferably lO'^ to 10-^ g-atom/l. In the polymerization, an unsupported organoaluminum 
oxy-compound may be used in addition to the organoaluminum oxy-compound supported on the carrier. In this case, 
the atomic ratio (Al/M) of the aluminum atom (Al) derived from the unsupported aluminum oxy-compound to the tran- 
sition metal atom (M) derived from the transition metal compounds (b-I) and (b-ll) is in the range of 5 to 300, preferably 
1 0 to 200, more preferably 1 5 to 1 50. 

[01 20] The temperature for the slurry polymerization is in the range of usually -50 to 1 00 •C, preferably 0 to 90 •C, 
while the temperature for the gas phase polymerization is in the range of usually 0 to 120 "C, preferably 20 to 100 "C. 
[0121] The polymerization pressure is in the range of usually atmospheric pressure to 100 kg/cm^, preferably 2 to 
50 kg/cm2. The polymerization may be earned out batchwise, semi-continuously or continuously. 
[0122] Further, the polymerization may be conducted in two or more stages having different reaction conditions. 
[0123] The catalyst for olefin polymerization may contain other components useful for the olefin polymerization than 
the above-mentioned components. 

[0124] Examples of olefins polymerizable In the presence of the catalyst for olefin polymerization Include: 

ethylene, and a-olefins of 3 to 20 carbon atoms such as propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl- 
1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1 -hexadecene. 1-octadecene and 1-eicosene; and 
cyclooleflns of 3 to 20 carbon atoms, such as cyclopentene, cycloheptene, norbornene, 5-methyl-2-norbornene, 
tetracyclododecene, 2-methyl-1 ,4,5,8-dlmethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene. 



[0125] Also employable are styrene, vinylcyclohexane, diene, etc. 

[0126] The catalyst for olefin polymerization and the process for olefin polymerization are suitably used especially 
for copolymerization of ethylene with an a-olefin of 3 to 20 carbon atoms. 

[0127] Next, the ethylene/a-olefin copolymers useable to produce the graft modified ethylene/a-olefin copolymer of 
the present invention will be described below in detail. 

[0128] The first and second ethylene/a-olefin copolymers can be prepared by copolymerizing ethylene with an a- 
olefin of 3 to 20 cartDon atoms in the presence of a catalyst for olefin polymerization comprising, for example, the 
organoaluminum oxy-compound (a) and at least two kinds of the compounds (b) of Group IV transition metals of the 
periodic table containing a ligand having a cyclopentadienyl skeleton in such a manner that the resultant copolymer 
has a density of 0.850 to 0.980 g/cm^. 

[01 29] When the copolymerization of ethylene with an a-olefin of 3 to 20 carbon atoms is can-ied out In the presence 
of the aforementioned catalyst for olefin polymerization formed from the organoaluminum oxy-compound (a), at least 
two kinds of the transition metal compounds (b), the carrier, and if necessary the organoaluminum compound (c), the 
ethylene/a-olefin copolymer can be prepared with high polymerizability. 

[01 30] The first and second ethylene/a-olefin copolymers are each a random copolymer of ethylene with an a-olefin 
of 3 to 20 cartaon atoms. Examples of the a-olefin of 3 to 20 carbon atoms employable for the copolymerization with 
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ethylene include propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-l-pentene, 1-octene, 1-decene, 1 -dodecene, 
1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene. 

[0131] In each of the first and second ethylene/a-olefin copolymers, it Is desired that constituent units derived from 
ethylene are present in an amount of 50 to 100 % by weight, preferably 55 to 99 % by weight, more preferably 65 to 
5 98 % by weight, most preferably 70 to 96 % by weight, and constituent units derived from an a-olefin of 3 to 20 carbon 
atoms are present in an amount of 0 to 50 % by weight, preferably 1 to 45 % by weight, more preferably 2 to 35 % by 
weight, most preferably 4 to 30 % by weight. 

[0132] The composition of an ethylene/a-olefin copolymer is generally detennined by ''^C-NMR spectrum analysis 
of a sample prepared by homogeneously dissolving about 200 mg of the copolymer in 1 ml of hexachlorobutadiene in 
10 a sample tube having a diameter of 10 mm under the conditions of a measuring temperature of 1 20 ^C, a measuring 
frequency of 25.05 MHz, a spectrum width of 1 ,500 Hz, a pulse repetition period of 4.2 sec and a pulse width of 6 ^.sec. 
[0133] The first ethylene/a-olefin copolymer has the following properties (i) to (iv), and preferably has the following 
properties (I) to (ix). The second ethylene/a-olefin copolymer preferably has the following properties (I) to (vl), and 
particularly preferably has the following properties (I) to (Ix). 

15 

(j) The density (d) is in the range of usually 0.850 to 0.980 g/cm^, preferably 0.880 to 0.960 g/cm^, more preferably 
0.890 to 0.935 g/cm^, most preferably 0.905 to 0.930 g/cm^. 

The density (d) Is determined by means of a density gradient tube using a strand, which has been obtained 
at the time of measurement of a melt flow rate (MFR) at 190 *C under a load of 2.16 kg and which is treated by 

20 heating at 120 •C for 1 hour and slowly cooling to room temperature over 1 hour. 

(ii) The melt flow rate (MFR) Is in the range of usually 0.01 to 200 g/10 min, preferably 0.05 to 50 g/10 min, more 
preferably 0.1 to 1 0 g/1 0 min. 

The melt flow rate (MFR) is determined in accordance with ASTM D1238-65T under the conditions of a tem- 
perature of 190**C and a load of 2.16 kg. 

25 (Hi) The melt tension (MT (g)) and the melt flow rate (MFR) satisfy the relation: 

MT>2.2 X MFR'°®^. 

30 preferably 8.0 x MFR-O-84 > MT > 2.3 x MFR-O-^, 

more preferably 7.5 x MFR-O-^^ > mT > 2.5 x MFR-o w^ 
An ethylene/a-olefin copolymer. having such properties shows good moldabllity because of high melt tension 
(MT). 

The melt tension (MT (g)) Is determined by measuring a stress given when a molten copolymer is stretched 
35 at a constant rate. That is, a powdery polymer was melted in a conventional manner, and the molten polymer was 

pelletized to give a nieasuring sample. Then, the MT of the sample was measured under the conditions of a resin 
temperature of 190 **C, an extrusion rate of 1 5 mm/min and a take-up rate of 1 0 to 20 m/min using a MT measuring 
apparatus (produced by Toyo Seiki Selsakusho K.K.) having a nozzle diameter of 2.09 mm<|) and a nozzle length 
of 8 mm. During the pelletization, to the ethylene/a-olefin copolymer were added 0.05 % by weight of tri(2,4-di-t- 
40 butylphenyl)phosphate as a secondary antioxidant, 0.1 % by weight of n-octadecyl-3-(4'-hydroxy-3',5'-dl-t-butyl- 

phenyl)proplonate as a heat stabilizer and 0.05 % by weight of calcium stearate as a hydrochloric acid absorbent. 
(Iv) The flow index (Fl (I/sec)) defined by a shear rate which is given when a shear stress of a molten copolymer 
at 190 *'C reaches 2.4 x 10^ dyne/cm^ and the melt flow rate (MFR) satisfy the relation: 

. Fl< 150 X MFR, 

preferably Fl < 140 x MFR, 
more preferably Fl < 130 x MFR. 
so The flow Index (Fl) is detennined by extruding a resin from a capillary while changing a shear rate and meas- 

uring the shear rate given when the shear stress reaches the above-mentioned value. In this measurement, the 

same sample as described in the above-mentioned MT measurement Is used, and the Fl Is measured under the 
conditions of a resin temperature of 190 °C and a shear stress of about 5 x 10^ to 3 x IQS dyne/cm^ using a 
capillary type flow property tester produced by Toyo Seiki Selsakusho K.K. 
55 In the measurement, a diameter of the nozzle (capillary) is changed as follows depending on the MFR (g/1 0 

min) of the resin to be measured: 



13 



EP 0 749 989 B1 



in the case of MFR > 20 


0.5 mm 


in the case of 20 > MFR > 3 


1.0 mm 


in the case of 3 > MFR > 0.8 


2.0 mm, and 


In the case of 0.8 > MFR 


3.0 mm. 



(V) The molecular weight distribution (Mw/Mn, Mw: weight-average molecular weight, Mn: number-average mo- 
lecular weight) measured by GPC is in the range of 1 .5 to 4. 

The molecular weight distribution (Mw/Mn) was measured in the following manner using a measuring device 
of GPC-150C produced by Millipore Co. 

This measurement was carried out using a column of TSK-GNH-HT having a diameter of 72 mm and a length 
of 600 mm at a column temperature of 140 °C. In this measurement. 500 microliters of a sample having a con- 
centration of 0.1 % by weight was introduced into the column in which o-dichlorobenzene (available from Wako 
Junyaku Kogyo K.K.) as a mobile phase was moved at a moving rate of 1 .0 ml/min. In the mobile phase, 0.025 % 
by weight of BHT (available from Takeda Chemical Industries, Ltd.) was contained as an antioxidant. A differential 
refractometer was used as a detector. With respect to the standard polystyrene of Mw < 1 ,000 and Mw > 4 x 10^, 
those available from Toso Co. were used, and with respect to the standard polystyrene of 1 ,000 < Mw < 4 X IQc] 
those available from Pressure Chemical Co. were used, 
(vi) MT/(Mw/Mn) and FI/MFR satisfy the relation: 



MT/(Mw/Mn) > 0.03 x Fi/MFR - 3.0 

with the proviso that when the value of 0.03 x FI/MFR - 3.0 is less than 0. it is taken as 0, 
preferably 

0.03 X FI/MFR + 1 .0 > MT/(Mw/Mn) > 0.03 x FI/MFR - 2.8 with the proviso that when the value of 0.03 x 
FI/MFR - 2.8 is less than 0, rt is taken as 0, 
more preferably 

0.03 X FI/MFR + 0.8 > MT/(Mw/Mn) > 0.03 x FI/MFR - 2.5 

with the proviso that when the value Of 0.03 x FI/MFR - 2.5 is less than 0, it is taken as 0. 

With increase of the value of Mw/Mn, the value of MT becomes large, so that an index of MT/(Mw/Mn) is used 
In order to reduce an Influence of the Mw/Mn value on the MT value. Likewise, with increase of the value of MFR. 
the value of Fl becomes large, so that an index of FI/MFR is used in order to reduce an influence of the MFR value 
on the Fl value. 

(vli) The temperature (Tm (*C)) at which the endothemiic curve of the copolymer measured by a differential scan- 
ning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation: 

Tm < 400 X d - 250, 

preferably Tm < 450 x d - 297, 

more preferably Tm < 500 x d - 344, 

particularly preferably Tm < 550 x d - 391 . 
The temperature (Tm ("C)) at which the endothennic curve of an ethylene/a-olefin copolymer measured by a 
differential scanning calorimeter (DSC) shows the maximum peak is sought from an endothermic curve obtained 
by filling about 5 mg of a sample In an aluminum pan, heating to 200 *C at a rate of 10 °C/mln, holding the sample 
at 200 "^C for 5 minutes, lowering the temperature to room temperature at a rate of 20 °C/mln and then heating at 
a rate of 10 'C/min. This measurement is carried out using a DSC-7 type apparatus produced by Perkin Elmer Co. 
(viii) The quantity fraction (W (% by weight)) of a n-decane-soluble component at 23 -C and the density (d) satisfy 
the relation: ' 

in the case of M FR < 1 0 g/1 0 min: 



W<80 X exp(-100(d-0.88)) + 0.1, 
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preferably W < 60 x exp(-100(d-0.88)) + 0.1 , 

more preferably W < 40 x exp(-1 00(d-0.88)) + 0.1 , and 

in the case of MFR > 1 0 g/1 0 min: 

W < 80 X (MFR-9)°-^® X exp(-100(d-0.8B)) + 0.1. 

The measurement of the n-decane-soluble component quantity of an ethylene/a-olefin copolymer (polymer 
having a smaller soluble component quantity has a narrower composition distribution) is carried out by adding 
about 3 g of the copolymerto 450 ml of n-decane. dissolving the copolymer at 1 45 ^C, cooling the resultant solution 
to 23 "C, removing a n-decane-insoluble portion by filtration, and recovering a n-decane-soluble portion from the 
filtrate. 

It may be concluded that the ethylene/a-olefin copolymer which satisfies the above-mentioned relation be- 
tween the temperature (Tm) at which the endothemnic curve measured by a differential scanning calorimeter (DSC) 
shows the maximuni peak and the density (d), and the relation between the quantity fraction (W) of the n-decane- 
soluble component and the density (d), has a narrow composition distribution. 

(ix) The number of unsaturated bonds existing in the molecule is not more than 0.5 per 1 ,000 carbon atoms and 
is less than 1 per 1 molecule of the polymer. 

[0134] The detemnination of the unsaturated bonds is made by means of ^^C-NMR spectrum analysis. In detail, an 
area intensity of signals given by a carbon atom forming a bond other than a double bond, namely, an area intensity 
of signals in the range of 1 0 to 50 ppm, and an area intensity of signals given by a carbon atom fonning a double bond, 
namely, an area Intensity of signals in the range of 1 05 to 150 ppm, are sought from the integral curve, and from the 
ratio therebetween, the number of the unsaturated bonds is detennined. 

[0135] The first and second ethylene/a-olefin copolymers may contain various additives if desired, for example, 
weathering stabilizer, heat stabilizer, antistatic agent, anti-slip agent, anti-blocking agent, anti-fogging agent, lubricant, 
pigment, dye, nucleating agent, plasticlzer, anti-aging agent, hydrochlork; acid absorbent and antioxidant, provided 
that the object of the invention is not marred. 

[0136] The first and second ethylene copolymers are capable of being processed by conventional molding methods, 
for example, air-cooling inflation molding, two-stage air-cooling inflation molding, high-speed inflation molding, T-die 
film molding and water-cooling inflation molding, to obtain films. The films thus obtained are excellent in transparency 
and mechanical strength, and retain properties inherent in general LLDPE, such as heat-sealing properties, hot-tack 
properties, heat resistance and blocking resistance. Further, the films are free from surface stickiness because the 
ethylene/a-olefin copolymers have a prominently narrow composition distribution. Moreover, because of high melt 
tension, the ethylene/a-olefin copolymers are good in bubble stability in the inflation molding stage. 
[0137] The films obtained from the first and second ethylene/a-olefin copolymers are suitable for various packaging 
bags such as standard bags, sugar bags, packaging bags for oily goods and packaging bags for moist goods, and 
agricultural materials. The films may also be used as multi-layer films by laminating them on various substrates such 
as a nylon substrate and a polyester substrate. 

[0138] Next, the graft modified ethylene/a-olefin copolymer and the ethylene copolymer composition according to 
the present invention will be described below in detail. 

[0139] The graft modified ethylene/a-olefin copolymer of the Invention is a graft modified ethylene/a-olefin copolymer 
obtained by graft copolymerizing the ethylene/a-olefin copolymer having the aforementioned properties (i) to (iv), more 
preferably having the properties (I) to (vi), particularly preferably having the properties (i) to (ix), with a polar monomer 
[01 40] The graft modified ethylene/a-olefin copolymer of the invention can be obtained by causing such an ethylene/ 
a-olefin copolymer as mentioned above to react with a polar monomer described below in the presence of a radical 
initiator. 

[0141] Examples of the polar monomer include hydroxyl group-containing ethylenic unsaturated compounds, amino 
group-containing ethylenic unsaturated compounds, epoxy group-containing ethylenic unsaturated compounds, aro- 
matic vinyl compounds, unsaturated carboxyllc acids, derivatives of these acids, vinyl ester compounds and vinyl chlo- 
ride. 

[0142] Concrete examples of the hydroxyl group-containing ethylenic unsaturated compounds include (meth)acr- 
ylates. such as hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl (meth)aciylate, 2-hy- 
droxy-3-phenoxypropyl (meth)acrylate. 3-chloro-2-hydroxypropyl (meth)acrylate, glycerol mono(meth)acrylate. pen- 
taerythritol mono(meth)acfylate, trimethylolpropane mono(meth)acrylate, .tetramethylolethane mono(meth)acrylate, 
butanediol mono(meth)acrylate, polyethylene glycol mono(meth)acrylate and 2-(6-hydroxyhexanoyloxy)ethyl acrylate; 
and other compounds, such as 10-undecene-1-ol, 1-octene-3-oI, 2-methanol norbornenO: hydroxystyrene, hydroxethyl 
vinyl ether, hydroxybutyl vinyl ether, N-methylolacrylamide, 2-(meth)acryloyloxyethyl acid phosphate, glycerol 
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monoallyl ether ally! alcohol, allyloxyethanol, 2-butene-T,4-diol and glycerol monoalcohol. 

[0143] The amino group-containing ethylenic unsaturated compound is a compound having an ethylenic double bond 
and an amino group. An example of such compound is a vinyl monomer having at least one substituted or unsubstltuted 
amino group represented by the following fomiula: 



- N 



Wherein is hydrogen, a methyl group or an ethyl group; and R2 is hydrogen, an alkyi group having 1 to 12 carbon 
atoms, preferably 1 to 8 carbon atoms, or a cycloalkyi group having 6 to 12 carbon atoms, preferably 6 to 8 carbon 
atoms. These alkyi and cycloalkyi groups may further have a substltuent group. 

[0144] Concrete examples of such amino group-containing ethylenic unsaturated compound include alkyi acrylate 
type and alkyi methacrylate type derivatives, such as aminoethyl (meth)acrylate, propylaminoethyl (meth)acrylate, 
dimethylaminoethyl methacrylate, aminopropyl (meth)acrylate, phenylaminoethyl methacrylate and cyclohexylaminoe- 
thyl methacrylate; vinyl amine type derivatives, such as N-vinyldiethylamine and N-acetylvinylamine; allylamine type 
derivatives, such as allylamine, methacrylamine, N-methylacrylamlne, N,N-dimethylacrylamide and N,N-dimethylami- 
nopropylacrylamide; acrylamlde type derivatives, such as acrylamlde and N-methylacrylamide; aminostyrenes, such 
as p-amlnostyrene; and other compounds, such as 6-aminohexyl succinimide and 2-aminoethyl succinimide. 
[0145] The epoxy group-containing ethylenic unsaturated compound is a monomer having a polymerizable unsatu- 
rated bond and at least one epoxy group in one molecule. 

[01 46] Concrete examples of such epoxy group-containing ethylenic unsaturated compound include: 
glycidyl acrylate and glycidyl methacrylate; 

mono and alkylglycidyl esters of dicarboxylic acids (number of carbon atoms of the alkyi group in the case of 
monoglycidyl ester: 1 - 12), such as monoglycldyl maleate, diglycldyl maleate, monoglycidyl fumarate, diglycidyl 
fumarate, monoglycidyl crotonate, diglycidyl crotonate, monoglycidyl tetrahydrophthalate, diglycldyl tetrahydroph- 
thalate, monoglycidyl itaconate. diglycidyl itaconate, monoglycidyl butenetricarboxylate, diglycldyl butenetricarbo- 
xylate, monoglycidyl citraconate, diglycidyl citraconate, monoglycidyl ester of endo-cis-bicyclo[2.2.1]hept-5-ene- 
2,3-dicarboxylic acid (nadic acidi""), diglycidyl ester thereof, monoglycidyl ester of endo-cis-bicyclo[2.2.1]hept- 
5-ene-2-methyl-2,3-dicarboxylic acid (methylnadic acid^M), diglycidyl ester thereof, monoglycidyl allylsuccinate 
and diglycldyl allylsuccinate; and 

other compounds, such as alkylglycidyl p-styrenecarboxylate, allyl glycidyl ether, 2-methylallyl glycidyl ether, sty- 
rene-p-glycidyl ether, 3,4-epoxy-1-butene. 3.4-epoxy-3-methyl-1-butene. 3,4-epoxy-1-pentene. 3,4-epoxy-3-me- 
thyl-1-pentene, 5,6-epoxy-1-hexene and vinylcyclohexene monoxide. 

[0147] The aromatic vinyl compound is, for example, a compound represented by the following formula: 



C = C 




wherein and R2 are each independently hydrogen or an alkyi group of 1 to 3 carbon atoms (concretely, methyl, 
ethyl, propyl or isopropyl), R3 is a hydrocarbon group of 1 to 3 carbon atoms (concretely, methyl, ethyl, propyl or 
isopropyl) or a halogen atom (concretely, chlorine, bromine or iodine), and n is an integer of 0 to 5, preferably an inteaer 

of 1 to 5. r 7 y 

[0148] Concrete examples of such aromatic vinyl compound include styrene, a-methylstyrene, o-methylstyrene, p- 
methylstyrene, m-methylstyrene, p-chlorostyrene, m-chlorostyrene, p-chloromethylstyrene, 4-vinylpyridlne, 2-vinylpy- 
rldine, 5-ethyl-2-vinylpyridine, 2-methyl-5-vinylpyridine, 2-lsopropenylpyridine, 2-vinylquinoline, 3-vinylisoquinollne, N- 
vinylcarbazole and N-vlnylpyrrolidone. 
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[0149] Examplesof the unsaturated carboxylic acids include unsaturated carboxylic acids, such as acrylic acid, meth- 
acryllc acid, malelc acid, fumaric acid, tetrahydrophthalic acid, itaconic acid, citraconic acid, crotonlc acid, isocrotonic 
acid, norbornenedlcarboxylic acid and bicyclo[2,2,1]hept-2-ene-5,6-dicarboxylic acid; anhydrides of these acids; and 
derivatives of these acids (e.g., acid halldes, amides, imides and esters). Concrete examples of such compounds 

5 include malenyl chloride, malenyl imide, maleic anhydride, itaconic anhydride, citraconic anhydride, tetrahydrophthalic 
anhydride, blcyclo[2,2,1]hept-2-ene-5,6-dicarboxylic anhydride, dimethyl maleate, monomethyl maleate, diethyl 
maleate, diethyl fumarate, dimethyl itaconate, diethyl citraconate, dimethyl tetrahydrophthalate, dimethyl bicyclo[2,2,1] 
hept-2-ene-5,6-dicarboxylate, hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acry!ate, glycidyl (meth)acrylate, aml- 
noethyl methacrylate and aminopropyl methacrylate. 

10 [0150] Of these, preferably used are (meth)acrylic acid, maleic anhydride, hydroxyethyl (meth)acrylate, glycidyl meth- 
acrylate and aminopropyl methacrylate. 

[0151] Examples of the vinyl ester compounds Include vinyl acetate, vinyl propionate, vinyl n-butyrate, vinyl isobu- 
tyrate, vinyl pivalate. vinyl caproate, vinyl versatate, vinyl laurate, vinyl stearate, vinyl benzoate, vinyl p-t-butyl benzoate, 
vinyl salicylate and vinyl cyclohexanecarboxylate. 
15 [0152] The polar monomer is used In an amount of usually 1 to 100 parts by weight, preferably 5 to 80 parts by 
weight, per ICQ parts by weight of the ethylene/a-olefin copolymer. 

[0153] As the radical initiator, organic peroxides and azo compounds can be employed. 

[0154] Examplesof the organic peroxides include dicumyl peroxide, di-t-butyl peroxide, 2,5-dimethyl-2,5-bls(t-butylp- 
eroxy)hexane, 2,5-dimethyl-2,5-bls (t-butylperoxy)hexyne-3, 1, 3-bis (t-butylperoxylsopropyl)ben2ene, 1,1-bls(t- 

20 butylperoxy)valerate, benzoyl peroxide, t-butyl peroxybenzoate, acetyl peroxide, isobutyryl peroxide, octanoyi perox- 
ide, decanoyi peroxide, lauroyi peroxide, 3,5,5-trimethylhexanoyl peroxide, 2,4-dtchlorobenzoyl peroxide and m-toluyl 
peroxide. Examples of the azo compounds include azoisobutyronitrile and dimethylazoisobutyronitrile. 
[0155] The radical initiator is desirably used in an amount of 0.001 to 1 0 parts by weight per 1 00 parts by weight of 
the ethylene/a-olefin copolymer. 

25 [0156] The radical initiator may be used by mixing it per se with the ethylene/a-olefin copolymer and the polar mon- 
omer, or may be used in the form of a solution containing it in a small amount of an organic solvent. There is no specific 
limitation on the organic solvent used herein, and any organic solvents may be used as far as they can dissolve the 
radical initiator. Examples of such organic solvents include aromatic hydrocarbon type solvents, such as benzene, 
toluene and xylene; aliphatic hydrocarbon type solvents, such as pentane, hexane, heptane, octane, nonane and 

30 decane; alicyclic hydrocarbon type solvents, such as cyclohexane, methylcyclohexane and decahydronaphthalene; 
chlorinated hydrocarbon type solvents, such as chlorobenzene, dichlorobenzene, trichlorobenzene, methylene chlo- 
ride, chloroform, carbon tetrachloride and tetrachloroethylene; alcohol type solvents, such as methanol, ethanol, n- 
propanoi, iso-propanol, n-butanol, sec-butanol and tert-butanol; ketone type solvents, such as acetone, methyl ethyl 
ketone and methyl isobutyl ketone; ester type solvents, such as ethyl acetate and dimethyl phthalate; and ether type 

35 solvents, such as dimethyl ether, diethyl ether, di-n-amyl ether, tetrahydrofuran and dioxyanisole. 

[0157] In the graft modification of the ethylene/a-olefin copolymer, a reducing material may be employed. The re- 
ducing material serves to increase the graft amount in the resultant graft modified ethylene/a-olefin copolymer. 
[0158] Examples of the reducing material include iron(ll) ion, chromium ion, cobalt Ion, nickel ion, palladium ion, 
sulfite, hydroxylamine, hydrazine and a compound containing -SH, SO3H, -NHNH2 or -COCH(OH)-. 

40 [0159] Concrete examples of such reducing material include fen^ous chloride, potassium bichromate, cobalt chloride, 
cobalt naphthenate, palladium chloride, ethanolamlne, diethanolamine, N,N-dlmethylanillne, hydrazine, ethylmer- 
captan, benzenesulfonic acid and p-toluenesulfonic acid. 

[0160] The reducing material is used in an amount of usually 0.001 to 5 parts by weight, preferably 0.1 to 3 parts by 
weight, per 1 00 parts by weight of the ethylene/a-olefin copolymer. 
45 [0161] The graft modification of the ethylene/a-olefin copolymer can be carried out by a conventionally known proc- 
ess. For example, the ethylene/a-olefin copolymer is dissolved in an organic solvent, and to the resultant solution are 
added the polar monomer, the radical initiator, etc. to perform reaction at a temperature of 70 to 200 **C, preferably 80 
to 190 'C, for a period of 0.5 to 15 hours, preferably 1 to 10 hours. 

[01 62] As the organic solvent used in the graft modification of the ethylene/a-olefin copolymer, any organic solvents 
so may be used without any specif k: limitation as far as they can dissolve the ethylene/a-olefin copolymer. 

[0163] Concrete examples of such organic solvents include aromatic hydrocarbon type solvents, such as benzene, 
toluene and xylene; and aliphatic hydrocarbon type solvents, such as pentane, hexane and heptane. 
[0164] The graft modified ethylene/a-olefin copolymer may also be prepared by causing the ethylene/a-olefin copol- 
ymer to react with the polar monomer in an extruder or the like without using any solvent. In this case, the reaction 
55 temperature is generally not lower than the melting point of the ethylene/a-olefin copolymer, concretely, in the range 
of 120 to 250 °C, and the reaction time Is generally in the range of 0.5 to 10 minutes. 

[0165] In the graft modified ethylene/a-olefin copolymer prepared above, the graft amount of the graft group derived 
from the polar group Is usually in the range of 0.1 to 50 % by weight, preferably 0.2 to 30 % by weight. 
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[01 66] The ethylene copolymer composition according to the present invention is formed from the above-mentioned 
graft modified ethylene/a-olefin copolymer [A] and polyolefin [B]. 

[Polyolefin [B]] 

[0167] The polyolefin [B] used for forming the ethylene copolymer composition of the invention is a homopolymer of 
ethylene or an a-olefin of 3 to 20 carbon atoms, or a copolymer of at least two kinds of monomers selected from 
ethylene and a-olef ins of 3 to 20 carbon atoms. 

[01 68] Examples of the a-olef ins of 3 to 20 carbon atoms include propylene, 1 -butene, 1 -pentene, 2-methyl-1 -butene, 
3-methyl-1-butene, 1-hexene, 3-methyl-1 -pentene, 4-methyl-1 -pentene, 3, 3-dimethyM -butene, 1-heptene, methyl- 
l-hexene^ dimethyl-1 -pentene, trimethyl-1 -butene, ethyl-1 -pentene, 1-octene, methyl-1 -pentene, dimethyl- 1-hexene, 
trlmethyl-1 -pentene, ethyl-T-hexene, methylethyl-1 -pentene, diethyl-1 -butene, propyl-1 -pentene, 1-decene. methyl- 
1-nonene, dimethyloctene, trimethyl-1 -heptene, ethyl-1 -octene, methylethyl-1 -heptene, diethyI-1-hexene, 1-dodecene 
and hexadodecene. 

[01 69] The polyolefin [B] is preferably a homopolymer of ethylene or an a-olefin of 3 to 8 carbon atoms, or a copolymer 
of at least two kinds of monomers selected from ethylene and a-olefins of 3 to 8 carbon atoms. 
[0170] The polyolefin [B] used for forming the ethylene copolymer composition of the invention contains repeating 
units derived from ethylene or an a-olefin of 3 to 20 carbon atoms in an amount of usually not less than 50 % by mol, 
preferably not less than 80 % by mol, more preferably 1 00 % by mol. 

[0171] The polyolefin [B] may further contain repeating units derived from other compounds polymerizable with the 
a-olefin in addition to the repeating units derived from ethylene or the a-olefin of 3 to 20 carbon atoms. 
[0172] Examples of the other compounds include chain polyene compounds, cyclic polyene compounds and cyclic 
monoene compounds. 

[01 73] These polyene compounds are those having at least two conjugated or non-conjugated olefinic double bonds. 
[0174] Examples of the chain polyene compounds include 1 ,4-hexadiene, 1 ,5-hexadiene, 1 ,7-octadiene, 1 ,9-deca- 
diene, 2,4,6-octatriene, 1 ,3,7-octatriene, 1,5,9-decatriene and divinylbenzene. 

[01 75] Examples of the cyclic polyene compounds include 1 ,3-cyclopentadiene, 1 ,3-cyclohexadiene, 5-ethyl-1 ,3-cy- 
dohexadiene, 1 .3-cycloheptadiene, dicyclopentadiene, dicyclohexadlene, 6-ethylidene-2-noit>brnene, 5-vinyl-2-nor- 
bornene, 5-isopropylidene-2-norbornene, methylhydroindene, 2,3-dlisopropylidene-5-norbornene, 2-ethylidene-3-iso- 
propylidene-5-norbornene, 2-ethylidene-3-lsopropylidene-5-norbornene and 2-propenyl-2,5-norbornadiene. 
[01 76] Examples of the cyclic monoene compounds include: 

monocycloalkenes. such as cyclopropene, cyciobutene, cyclopentene, cyclohexene, 3-methylcyclohexene, cy- 
cloheptene, cyclooctene, cyclodecene, cyclododecene, tetracyclodecene, octacyclodecene and cycloelcosene; 
bicycloalkenes, such as norbornene, 5-methyl-2-norbornene, 5-ethyl-2-norbornene, 5-isobutyl-2-norbornene, 
5,6-dlmethyl-2-norbomene, 5,5,6-trimethyl-2-norbornene and 2-bornene; 

tricycloatkenes, such as 2,3,3a,7a-tetrahydro-4,7-methano-1 H-lndene and 3a,5,6,7a-tetrahydro-4,7-methano-1 H- 
Indene; 

tetracycloalkenes, such as 1 ,4,5,8-dimethano-1.2,3,4,4a,5,8.8a-octahydronaphthalene, 2-methyl-1,4,5,8-dimeth- 
ano-1 .2,3,4,4a,5,8,8a-octahydronaphthalene, 2-ethyl-1 ,4,5,8-dimethano-1 .2,3,4,4a.5,8,8a-octahydronaphtha- 
lene, 2-propyl-1 .4,5,8-dimethano-1 ,2,3,4.4a,5.8,8a-octahydronaphthalene, 2-hexyl-1 ,4.5,8-dimethano- 
1 ,2,3.4,4a,5,8,8a-octahydronaphthalene, 2-stearyl-1 ,4,5,8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene, 
2,3-dimethyl-1,4,5.8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-methyl-3-ethyl-1 ,4,5,8-dlmethano- 
1 ,2,3,4,4a.5,8,8a-octahydronaphthalene, 2-chloro-1 ,4,5,8-dlmethano-1 ,2,3,4,4a,5,8,8a-octahydronaphthalene, 
2-bromo-1 ,4,5,8-dimethano-1 ,2,3,4 ,4a,5,8,8a-octahydronaphthalene, 2-fluoro-1 ,4,5,8-dimethano-1 ,2,3,4,4a! 
5,8,8a-octahydronaphthalene and 2,3-dichloro-r,4,5,8-dimethano-1 ,2,3,4,4a. 5, 8, 8a-octahydronaphthalene; and 
polycycloalkenes, such as hexacyclo[6,6,1 .l^-^.i io.i3 q2.7 qs u^ heptadecene-4, pentacyclo[8,8, 12.9,14.7^ 111-18, 
0,03 8, 0i2.i7]heneicosene-5 and octacyclo[8, 8, 12.9,14 7 111.18 0,03 8 0i2-i7]docosene-5 

[01 77] The polyolefin [B] may further contain constituent units derived from styrene or substituted styrene. 

[0178] It is desired that the polyolefin [B] has an intrinsic viscosity [t\], as measured in decalin at 135 "C, of usually 

0.4 to 7 dl/g, preferably 0.5 to 5 dl/g. 

[0179] The polyolefin [B] for forming the ethylene copolymer composition of the invention can be prepared by po- 
lymerizing or copolymerizing the above-mentioned a-olefin by a conventionally known process. The (co)polymerization 
reaction may be carried out either in a gas phase (gas phase process) or in a liquid phase (liquid phase process). 
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[Ethylene copolymer composition] 

[0180] The ethylene copolymer composition according to the invention comprises the above-mentioned graft mod- 
ified ethylene/a-olefin copolymer [A] and potyolefin [B]. A weight ratio ([A]:[B]) between the graft modified ethylene/a- 

5 olefin copolymer [A] and the polyolefin [B] is in the range of 1 :99 to 99:1 , preferably 2:98 to 98:2. 

[0181] The ethylene copolymer composition of the invention may contain various additives if desired, for example, 
weathering stabilizer, heat stabilizer, antistatic agent, anti-slip agent, anti-blocking agent, anti-fogging agent, lubricant, 
pigment, dye, nucleating agent, plasticizer, anti-aging agent, hydrochloric acid absorbent and antioxidant, provided 
that the object of the Invention Is not marred. 

10 [01 82] The ethylene copolymer composition according to the present invention can be prepared by known processes, 
for example, processes described below. 

(1) A process of mechanically blending the ethylene/a-olefin copolymer [A], the polyolefin [B], and if necessary, 
other optional components using an extmder, a kneader or the like. 
« (2) A process comprising dissolving the ethylene/a-olefin copolymer [A], the polyolefin [B], and If necessary, other 

optional components in an appropriate good solvent (e.g., hydrocarbon solvent such as hexane, heptane, decane, 
cyclohexane, benzene, toluene and xylene) and. then removing the solvent from the resulting solution. 

(3) A process comprising independently dissolving the ethylene/a-olefin copolymer [A], the polyolefin [B], and If 
necessary, other optional components in an appropriate good solvent to prepare solutions, then mixing the solu- 
tions, and removing the solvent from the resulting mixture. 

(4) A process in any combination of the above processes (1 ) to (3). 

[0183] The graft modified ethylene/a-olefin copolymer and the ethylene copolymer composition according to the 
invention may be processed by a conventional molding method, for example, normal press molding, air-cooling inflation 

2s molding, two-stage air-cooling inflation molding, high-speed inflation molding, T-die film molding or water-cooling in- 
flation molding, to obtain films. The films thus obtained are excellent in transparency and mechanical strength, and 
retain properties inherent in general LLDPE, such as heat-sealing properties, hot-tack properties, heat resistance and 
blocking resistance. Further, the films are free from surface stickiness because the graft modified ethylene/a-olefin 
copolymer has a prominently narrow composition distribution. 

30 [0184] The films obtained from the graft modified ethylene/a-olefin copolymer and the ethylene copolymer compo- 
sition according to the invention are suitable for various packaging bags such as standard bags, sugar bags, packaging 
bags tor oily goods and packaging bags for moist goods, and agricultural materials. Further, because of their high 
adhesion strength to nylon, polyester, a metal foil, etc., the films may be used as multi-layer films by laminating them 
on these substrates. 

35 

EFFECT OF THE INVENTION ' 

[0185] The graft modified ethytene/a-olefin copolymer of the present invention has high melt tension, good motdability 
and high transparency and shows sufficient adhesion strength to highly polar materials. 
40 [0186] The ethylene copolymer composition of the present invention is obtained by blending the graft modified eth- 
ylene/a-olefln copolymer [A] having a narrow composition distribution, good heat stability and good moldability, with 
the polyolefin [B]. From such composition, a film having sufficient adhesion strength to highly polar materials and high 
transparency can be produced. 

« [Examples] 

[0187] The present invention is further described below with reference to Examples and Reference Examples, but 
it should be construed that the present invention is in no way limited to those examples. 
[0188] In the invention, physical properties of films were evaluated in the following manner. 

50 

Haze 

[0189] The haze was measured in accordance with ASTM-D-1 003-61 . 
S5 Gloss 

[0190] The gloss was measured in accordance with JIS Z8741 . 
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Film impact 

[0191] The film impact was measured by means of a pendulum type film Impact tester produced by Toyo Seiki Sei- 
salcusho K.K. 

5 

Adhesion strength 

[0192] A pressed sheet of a modified copolymer having a thickness of 1 00 |im was used as a sample. The sample 
was heat sealed with two kinds of adherends respectively and the peel strength was measured to evaluate the adhesion 

10 strength. One adherend is an aluminum foil having a thickness of 0.5 mm, and the other adherend is a 6-nylon sheet 
having a thickness of 1 .0 mm. The heat sealing of the pressed sheet with the adherend was conducted using a heat 
sealer under the conditions of a temperature of 200 **C, a toad of 1 kg/cm^ and a period of 60 sec. After the heat sealing, 
the pressed sheet with the adherend was cut to give a specimen having a width of 25 mm and a length of 150 mm. 
The adhesion strength of the specimen was measured by peeling the adherend layer in the direction of 180* against 

15 the modified polymer layer at a peel rate of 200 mm/min. 

Preparation Example 1 
[Preparation of a solid catalyst] 

20 

[01 93] 5.0 kg of silica having been dried at 250 *'C for 1 0 hours was suspended in 80 liters of toluene, and the resultant 
suspension was cooled to 0 °C. Thereafter, to the suspension was dropwise added 28.7 liters of a toluene solution of 
methylaluminoxane (Al: 1 .33 mol/l) over a period of 1 hour. During the addition, the temperature of the system was 
kept at 0 ''C. The reaction was successively carried out at 0 for 30 minutes. Then, the temperature of the system 
25 was elevated to 95 •C over a period of 1.5 hours, and at the same temperature the reaction was conducted for 20 
hours. After that, the temperature of the system was lowered to 60 ''C, and the supernatant liquid was removed by 
decantation. 

[0194] The solid portion obtained above was washed twice with toluene and then again suspended in 80 liters of 
toluene. To the reaction system were dropwise added 7.4 liters of a toluene solution of bis(1 ,3-n-butylmethylcyclopen- 
30 tadienyl)zirconium dichlortde (Zr: 34.0 mmol/l) and 1 .0 liter of a toluene solution of bis(1 ,3-dlmethylcyclopentadienyl) 
zirconium dichloride (Zr: 28.1 mmo!/l) at 80 '^C over a period of 30 minutes to further carry out reaction at 80 *C for 2 
hours. Then, the supernatant liquid was removed, and the residue was washed twice with hexane to obtain a solid 
catalyst containing zirconium In an amount of 3.6 mg per 1 g of the solid catalyst. 

35 [Preparation of a prepolymerlzed catalyst] 

[0195] To 85 liters of hexane containing 1.7 mol of trilsobutylalumlnum were added 0.85 kg of the solid catalyst 
obtained above and 255 g of 1 -hexene. The resultant mixture was subjected to prepolymerizatlon with ethylene at 35 
""C for 12 hours to obtain a prepolymerlzed catalyst in which polyethylene was prepolymerlzed in an amount of 10 g 
40 per 1 g of the solid catalyst. This ethylene polymer had an intrinsic viscosity [t^] of 1 .74 dl/g. 

[Polymerization) 

[0196] In a fluidized bed gas phase polymerizer of continuous type, ethylene was copolymerized with 1 -hexene at 
45 the total pressure of 20 kg/cm^-G and a polymerization temperature of 80 '^C. To the polymerizer were continuously 

fed the prepolymerized catalyst prepared above at a feed rate of 0.18 mmol/hr in terms of zirconium atom and tri- 

isobutylaluminum at a feed rate of 1 0 mmol/hr while continuously feeding ethylene, 1 -hexene, hydrogen and nitrogen 

to maintain a constant gas composition (gas composition: 1-hexene/ethylene = 0.030, hydrogen/ethylene = 5.5x1 0-**, 

ethylene concentration = 25 %) during the polymerization. 
50 [0197] Thus, an ethylene/1 -hexene copolymer (A-1) was obtained in an amount of 6.0 kg/hr. The copolymer had 

MFR of 2.1 g/10 min and a density of 0.923 g/cm^. Physical properties of the ethylene/1 -hexene copolymer (A-1) are 

set forth in Table 4. 

Example 1 

55 

[0198] 825 g of the ethylene/a-olefin copolymer (ethylene/1 -hexene copolymer obtained in Preparation Example 1 , 
density: 0.923 g/cm^, MFR: 2.1 g/10 min) was dissolved at 160 *C in 5.7 liters of toluene as a reaction solvent. 
[0199] Then, to the resultant solution were slowly added a toluene solution of maleic anhydride (4.13 g/250 ml) and 
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a toluene solution of dicumyl peroxide (DCP) (0.33 g/50 ml) over a period of 4 hours through different conduits. 
[0200] After the addition was completed, the reaction was further continued for 30 minutes at 160 *»C. Then, the 
temperature of the system was cooled to room temperature to precipitate a polymer. The precipitated polymer was 
filtered, then repeatedly washed with acetone and dried at 80 *C for one day and night under a reduced pressure, to 
obtain an aimed modified ethylene/a-olefin copolymer. 

[0201] The modified ethylene/a-olefin copolymer was subjected to elemental analysis to determine the graft amount 
of the maleic anhydride. As a result, in the modified ethylene/a-olefin copolymer, maleic anhydride was graft polymer- 
ized In an amount of 0.2 g per 1 00 g of the modified ethylene/a-olefin copolymer. Further, the modified copolymer had 
a density of 0.923 g/cm^ and MFR of 1 .0 g/1 0 min. 

[0202] The modified ethylene/a-olefin copolymer was measured on the physical properties such as melt properties. 
The results are set forth in Table 5. 



20 



[Molding of a pressed sheet] 

[0203] The modified ethylene/a-olefin copolymer was heated at 200 "^C for 1 0 minutes by a press molding machine. 
Then, the copolymer was held under a pressure of 1 00 kg/cm2 for 3 minutes and was further held under a pressure of 
100 kg/cm2 for 5 minutes using a cooled pressing machine of 20 »C to mold the copolymer into a pressed sheet. 
[0204] The pressed sheet was measured on various properties such as transparency and adhesion strength to an 
aluminum foil or to a 6-nylon sheet. The results are set forth in Table 5. 

[0205] As is evident from the results set forth in Table 5, the modified ethylene/a-olefin copolymer has a good trans- 
parency and shows a high moldability owing to high melt tension. Further, the copolymer is excellent in the adhesion 
strength to highly polar materials such as aluminum and nylon. 



Table 4 



Copoly- 1 
mer 


1 Comono- 
mer 


Comono- 

mer 
Content 
mol . % 


MFR 
g/lOmin 


lr\] 
dl/g 


Mw/Mn 


Densi- 
ty 
g/cm^ 


Decane- 
Soluble 
Portion 
wt .% 


A-1 


1- 

1 hexene 


2.9 


2.1 


1. 64 


2,6 


0. 923 


0.26 



35 



40 



Table 4-continueci 
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Copoly- 
mer 


Tm 


MT 

g 


*1 


FI 


*2 


MT 












(Mw/M^) 


*3 


A-1 


114.5 


2.1 


1.2 


212 


315 


0.81 


0.05 


*1 : value of 2 


. 2XMFR-C 













*2 



value of ISOxMFR 



value of 0.03xFl/MrR-3.0 (in the case of less than 0, 
the value is taken as 0) 
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Table 5 





Modified Ethylene/a-o!efin Copolymer 


Adhesion to Adherend 


MFR g/10mln 


Density g/cm^ 


MTg 


Fl s-1 


Haze % 


to Aluminunn kg/ 
25mm 


to 6-Nylon kg/25mm 


Ex. 1 


1.0 


0.923 


4.7 


115 


50 


18.9 


26.3 



Reference Example 1 
[Preparation of a solid catalyst] 

[0206] Into a pressure-reducible 400 ml reactor equipped with a stirrer was introduced 70 ml of a toluene solution 
containing 100 mmol (In terms of Al atom) of methylaluminoxane (available from Schering Co.). Then, to the reactor 
was added 1 00 ml of decane over a period of 30 minutes with stirring of the solution at room temperature to precipitate 
methylaluminoxane. Subsequently, the temperature of the system was elevated to 35 **C to remove toluene over 3 
hours under a reduced pressure, so as to further precipitate methylaluminoxane. 

[0207] The suspension obtained above was filtered through a filter to remove a liquid phase portion, and a solid 
portion was again suspended in decane. To the resultant suspension were added 5.3 ml of a toluene solution containing 
0.18 mmol of bis(1,3-n-butylmethylcyclopentadienyl)zirconium dichloride and 0.7 ml of a toluene solution containing 
0.02 mmol of bis(1,3-dimethylcyclopentadienyl)zirconium dichloride. Thereafter, the reaction liquid was stirred for 1 
hour at room temperature and then filtered to remove a liquid phase portion to prepare a solid catalyst. In 1 g of the 
solid catalyst, zirconium was contained in an amount of 6.2 mg and aluminum was contained in an amount of 460 mg. 

[Polymerization] 



[0208] A 2-llter stainless autoclave thoroughly purged with nitrogen was charged with 1 50 g of sodium chloride (spe- 
cial grade, available from Wako Junyaku K.K.), followed by drying at 90 **C for 1 hour under a reduced pressure. Then, 
into the autoclave was introduced a mixed gas consisting of ethylene, 1-butene and hydrogen (1-butene content: 2.6 
% by mol, hydrogen content: 0.012 % by mol) to recover the pressure in the system to atmospheric pressure, and the 
temperature of the system was set to 70 **C. 

[0209] Subsequently, to the autoclave were added 0.007 mg-atom (in terms of zirconium atom) of the solid catalyst 
prepared above and 0.7 mmol of triisobutylaluminum. 

[021 0] Thereafter, a mixed gas having the same composition as described above was introduced into the autoclave 
to initiate polymerization at the total pressure of 8 kg/cm^-G. The temperature in the system immediately rose to 80 **C. 
[0211] Then, only the mixed gas was supplied to keep the total pressure at 8 kg/cm^-G, and polymerization was 
further conducted at 80 •C for 1 .5 hours. 

[021 2] After the polymerization was completed, the reaction product was washed with water to remove sodium chlo- 
ride. Then, the remaining polymer was washed with methanol and dried at 80 '*C overnight under a reduced pressure. 
As a result, an ethylene/1 -butene copolymer having MFR, as measured at 190 ''C under a load of 2.1 6 kg, of 1 .8 g/1 0 
min, a density of 0.923 g/cm^ and a decane-soluble portion at 23 *C of 0.18 % by weight was obtained in an amount 

of 234 g. 

[0213] The ethylene/1 -butene copolymer thus obtained was subjected to inflation by the use of a single-screw ex- 
truder (20 mmt^ UD = 26) equipped with a die of 25 mm^ (lip width: 0.7 mm) and a single-slit air ring under the conditions 
of an air flow rate of 90 l/min, an extrusion rate of 9 g/min, a blow ratio of 1.B, a take-up rate of 2.4 m/min and a 
processing temperature of 200 *C, to form a film having a thickness of 30 ^m. 

[0214] Melt properties and other properties of the copolymer and physical properties of the film fomned from the 
copolymer are set forth in Table 1 . 

[0215] As is evident from Table 1 , an inflation film excellent in moldability (MT), optical characteristics and strength 
was obtained from the above copolymer. 



Reference Example 2 
[Preparation of a solid catalyst] 

[0216] The procedure for preparing the solid catalyst in Reference Example 1 was repeated except for varying the 
amounts of the zirconium compounds to those given below, to prepare a solid catalyst. 
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Bis(1,3-n'butyimethylcyclopentadienyl)zirconium dichloride: 0.16 mmo! 
Bis(1 ,3-dimethylcyclopentadienyl)zirconium dichloride: 0.04 mmol 

[0217] In 1 g of the solid catalyst, zirconium was contained in an amount of 6,1 mg and aluminum was contained in 
5 an amount of 470 mg. 

[Potymerization] 

[021 8] The procedure for the polymerizatlo n in Reference Example 1 was repeated except for varying the composition 
10 of the mixed gas consisting of ethylene, 1 -butene and hydrogen to that given below. 

1 -Butene content: 2.3 % by mol 
Hydrogen content: 0.011 % by mol 

IS [0219] As a result, an ethylene/1 -butene copofymer having MFR of 1.4 g/10 min, a density of 0.925 g/cm^ and a 
decane-soluble portion at 23 of 0.19 % by weight was obtained In an amount of 240 g. 

[0220] The ethylene/1 -butene copolymer was subjected to inflation in the same manner as described in Reference 
Example 1 to form a film having a thickness of 30 \xm. 

[0221] Melt properties and other properties of the copolymer and physical properties of the film formed from the 
20 copolymer are set forth in Table 1 . 

[0222] As Is evident from Table 1 , an Inflation film excellent in moldabillty (MT), optical characteristics and strength 
was obtained from the above copolymer. 

Reference Example 3 

25 

[Preparation of a solid catalyst] 

[0223] The procedure for preparing the solid catalyst in Reference Example 1 was repeated except for varying the 
amounts of the zirconium compounds to those given below, to prepare a solid catalyst. 

30 

Bis{1,3-n-butylmethylcyclopentadienyl)zirconium dichloride: 0.14 mmol 
Bis(1 ,3-dimethylcyclopentadienyl)zirconium dichloride: 0.06 mmol 

[0224] In 1 g of the solid catalyst, zirconium was contained In an amount of 6.2 mg and aluminum was contained in 
35 an amount of 470 mg. 

[Polymerization] 

[0225] The procedure forthe polymerization in Reference Example 1 was repeated except for varying the composition 
40 of the mixed gas consisting of ethylene, 1 -butene and hydrogen to that given below. 

1 -Butene content: 2.7 % by mol 
Hydrogen content: 0.01 0 % by mol 

45 [0226] As a result, an ethylene/1 -butene copolymer having MFR of 1.1 g/10 min, a density of 0.922 g/cm^ and a 
decane-soluble portion at 23 °C of 0.1 9 % by weight was obtained in an amount of 224 g. 

[0227] The ethylene/1 -butene copolymer was subjected to inflation in.the same manner as described in Reference 
Example 1 to form a film having a thickness of 30 |im. 

[0228] Melt properties and other properties of the copolymer and physical properties of the film formed from the 
so copolymer are set forth in Table 1 . 

[0229] As is evident from Table 1 , an Inflation film excellent In moldabillty (MT). optical characteristics and strength 
was obtained from the above copolymer. 



55 
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Comonomer 


Cata- 
lyst *l 


MFR 


[T13 


Mw/Mn 


Densi- 
ty 




Kind 


Amount 
n\ol . % 


I/II 
by mol 


g/10- 
min 


dl/g 




q/civ? 


R.Ex . 1 


1- 
butene 


2.8 


9/1 


1 . 8 


1 .84 


2.1 


0.923 


R.Ex. 2 


1- 
butene 


2.5 


8/2 


1.4 


1 . 90 


2.4 


0.925 


R.Ex. 3 


1- 
butene 


2.8 


7/3 


1 . 1 


1 , 97 


2.8 


0.922 



*i Zirconium compound in the catalyst component 

I : bis (1, 5-n-butylmethylcyclopentadienyl) zirconium 
dichloride 



11 : bis (1, 3-dimethylcyclopentadienyl) zirconium 
dichloride 



Table 1-continued 





n-Decane 
Soluble 
Portion 
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Tm 


MT 
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*2 


FI 
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*4 








(Mw/Mn) 


R.Ex .1 


0 .18 


111.2 


2.4 


1.3 


102 


270 


1. 14 


0 


R£x .2 


0.19 


111 .4 


3.1 


1.7 


138 


210 


1 .29 


0 


R.Ex .3 


0.19 


111.0 


4.7 


2.0 


105 


165 


1 . 68 


0 



*2: value, of 2 . 2xMFR-^^-8< 

*3: value of ISOxMFR 

*4: value of 0 . 03xri/MFR-3 . 0 (in the case of less than 0, 

the value is taken as 0) 



24 



EP 0 749 989 B1 



Table 1-continued 

5 





Physical Prooerties of Film 




Kaze 
% 


Gloss 
% 


Impact 
Strength 
kq • cm/ cm 


Moldabil- 
ity 
*5 


R-Ex. 1 


4.1 


105 


1, 870 


BB 


REx. 2 


4.5 


84 


1, 780 


AA 


R.Ex. 3 


6.4 


5-7 


1. 990 


AA 



*5 Moldability 



AA: MT > 3 g 

BB : 3 g > MT > 2 g 

25 

CC : 2 g > MT 



Reference Example 4 

30 

[Polymerization] 

[0230] A 2-llter stainless autoclave thoroughly purged with nitrogen was charged with 1 50 g of sodiunn chloride (spe- 
cial grade, available from Wako Junyaku K.K.), followed by drying at 90 *'C for 1 hour under a reduced pressure. Then, 
35 into the autoclave was Introduced a mixed gas consisting of ethylene, 1-butene and hydrogen (1 -butene content: 2.6 
% by mol, hydrogen content: 0.012 % by mol) to recover the pressure In the system to atmospheric pressure, and the 
temperature of the system was set to 70 *C. 

[0231] Subsequently, to the autoclave were added 0.007 mg • atom (in temns of zirconium atom) of the solid catalyst 
prepared in Preparation Example 1 and 0.7 mmol of triisobutylaluminum. 
40 [0232] Thereafter, a mixed gas having the same composition as described above was introduced into the autoclave 
to initiate polymerization at the total pressure of 8 kg/cm^-G. The temperature in the system immediately rose to 80 •C. 
[0233] Then, only the mixed gas was supplied to keep the total pressure at 8 kg/cm2-G, and polymerization was 
further conducted at 80 '*C for 1 .5 hours. 

[0234] After the polymerization was completed, the reaction product was washed with water to remove sodium chie- 
fs ride. Then, the remaining polymer was washed with methanol and dried at 80 °C overnight under a reduced pressure. 
As a result, an ethylene/1 -butene copolymer having MFR, as measured at 190 "C under a load of 2.16 kg, of 1 .9 g/10 
min, a density of 0.921 g/cm^ and a decane-soluble portion at 23 ^'C of 0.21 % by weight was obtained in an amount 
of 276 g. 

[0235] The ethylene/1 -butene copolymer was subjected to Inflation in the same manner as described In Reference 
50 Example 1 to form a film having a thickness of 30 ^m. 

[0236] Melt properties and other properties of the copolymer and physical properties of the film formed from the 
copolymer are set forth in Table 2. 

[0237] As is evident from Table 2, an inflation film excellent in moldability (MT), optical characteristics and strength 
was obtained from the copolymer. 

55 
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Reference Example 5 

[Preparation of a solid catalyst] 

5 [0238] The procedure for preparing the solid catalyst in Preparation Example 1 was repeated except for varying the 
amounts of the zirconium compounds to those given below, to prepare a solid catalyst. 

Bis (1 ,3-n-butylmethylcyclopentadienyl)zirconium dichloride: 0.22 mol 
Brs(1,3-dlmethylcyclopentadienyl)zirconium dichloride: 0.056 mol 

10 

[0239] In 1 g of the solid catalyst, zirconium was contained in an amount of 3.5 mg. 
[Polymerization] 

15 [0240] The procedure for the polymerization in Reference Example 4 was repeated except for varying the composition 
of the mixed gas consisting of ethylene, 1-butene and hydrogen to that given below. 

1 -Butene content: 2.4 % by mol 
Hydrogen content: 0.01 1 % by mol 

[0241] As a result, an ethylene/1 -butene copolymer having MFR of 1.7 g/10 min, a density of 0.924 g/cm^ and a 
decane-soluble portion at 23 of 0.1 7 % by weight was obtained in an amount of 270 g. 

[0242] The ethylene/1 -butene copolymer was subjected to inflation in the same manner as described in Reference 
Example 1 to form a film having a thickness of 30 jim. 
^5 [0243] Melt properties and other properties of the copolymer and physical properties of the film formed from the 
copolymer are set forth in Table 2. 

[0244] As is evident from Table 2, an inflation film excellent in moldability (MT), optical characteristics. and strength 
was obtained from the above copolymer. 

30 Reference Example 6 

[Preparation of a solid catalyst] 

[0245] The procedure for preparing the solid catalyst in Preparation Example 1 was repeated except for varying the 
35 amounts of the zirconium compounds to those given below, to prepare a solid catalyst. 

Bis(1,3>n>butylmethylcyclopentadlenyl)zirconium dichloride: 0.20 mol 
Bis(1 ,3-dlmethylcyclopentadlenyl)zirconium dichloride: 0.084 mol 

40 [0246] In 1 g of the solid catalyst, zirconium was contained in an amount of 3.4 mg. 

[Polymerization] 

[0247] The procedure for the polymerization in Reference Example 4 was repeated except for vary ing the composition 
45 of the mixed gas consisting of ethylene, 1 -butene and hydrogen to that given below. 

1 -Butene content: 2.5 % by mol 
Hydrogen content: 0.011 % by mol 

50 [0248] As a result, an ethylene/1 -butene copolymer having MFR of 1.2 g/10 min, a density of 0.923 g/cm^ and a 
decane-soluble portion at 23 of 0.1 9 % by weight was obtained In an amount of 265 g. 

[0249] The ethylene/1 -butene copolymer was subjected to inflation in the same manner as described in Reference 
Example 1 to form a film having a thickness of 30 jim. 

[0250] Melt properties and other properties of the copolymer and physical properties of the film formed from the 
55 copolymer are set forth in Table 2. 

[0251] As is evident from Table 2, an inflation film excellent In moldability (MT), optical characteristics and strength 
was obtained from the above copolymer. 
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Table 2 





Comonomer 


Cata- 
lyst*^ 


MFR 


[Til 


Mw/Mn 


Densi- 
ty 




Kind 


Amount 
mol . % 


I/II 
by mol 


g/10- 
min 


dl/g 




g/cm^ 


R.Ex. 4 


1- 
butene 


2 .8 


9/1 


1.9 


1.61 


2 . 1 


0. 921 


R.Ex . 5 


1- 
butene 


2.5 


8/2 


1.7 


1.86 


2.4 


0.924 


R.Ex . 6 


1- 
butene 


2.8 


7/3 


1.2 


1. 95 


2.8 


0.923 



*1 Zirconium compound in the catalyst component 



I : bis (1, 3-n-butylmethylcyclopentadienyl) zirconium 
dichloride 

II : bis (1, 3-dimethylcyclopentadienyl) zirconium 
.dichloride 
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Table 2-continued 



5 




n-Decane 
Soluble 
Portion 
wt . % 


Tm 


MT 

g 


*2 


FI 


*3 


MT 
(Mw/Mn) 


*4 


10 


R.Ex.4 


0.21 


109,8 


2.2 


1.3 


115 


285 


1.05 


0 




R.Ex.5 


0.17 


111 .3 


3.3 


1 .-4 


143 


255 


1.38 


0 


15 


R.Ex.6 


0.19 


111 .2 


4.6 


1.9 


111 


180 


1. 64 


0 



*2: value of 2.2xMFR-o-84 



*3: value of ISOxMFR 

20 

*4: value of 0. 03xFI/KFR-3 . 0 (in the case of less than 0, 
the value is taken as 0) 

25 

Table 2-continued 



35 



40 







Physical Properties of Film 






Haze 
% 


Gloss 
% 


Impact 
Strength 
kq • cm/ cm 


Moldabil- 
ity 
*5 


R.Ex. 


4 


3 . 9 


106 


1, 910 


BB 


R.Ex. 


5 


4.4 


83 


1. 760 


AA 


R. Ex . 


6 


6.6 


52 


1, 910 


AA 



*5 Moldability 



AA: MT > 3 g . 
BB: 3 g > MT > 2 g 
CC : 2 g > MT 

so 

Reference Example 7 
[Polymerization] 

55 

[0252] A 2-liter stainless autoclave thoroughly purged with nitrogen was charged with 1 50 g of sodium chloride (spe- 
cial grade, available from Wako Junyaku K.K.), followed by drying at 90 '*C for 1 hour under a reduced pressure. Then, 
into the autoclave was introduced a mixed gas consisting of ethylene, 1-butene and hydrogen (Vbutene content: 3.0 
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% by mol, hydrogen content: 0.012 % by mol) to recover the pressure In the system to atmospheric pressure, and the 
temperature of the system was set to 70 '^C. 

[0253] Subsequently, to the autoclave were added 0.007 mg-atom (in terms of zirconium atom) of the prepolymerlzed 
catalyst prepared In Preparation Example 1 and 0.7 mmol of triisobutylaluminum. 
5 [0254] Thereafter, the above-mentioned mixed gas consisting of ethylene, 1-butene and hydrogen was Introduced 
Into the autoclave to initiate polymerization at the total pressure of 8 kg/cm^-G. The temperature in the system imme- 
diately rose to 80 **G. 

[0255] Then, only the mixed gas was supplied to Iceep the total pressure at 8 kg/cm^-G, and polymerization was 
further conducted at 80 'C for 1 .5 hours. 
10 [0256] After the polymerization was completed, the reaction product was washed with water to remove sodium chlo- 
ride. Then, the remaining polymer was washed with methanol and dried at 80 •'C overnight under a reduced pressure. 
As a result, an ethylene/1 -butene copolymer having MFR, as measured at 190 *C under a load of 2.16 kg, of 2.0 g/10 
min, a density of 0.922 g/cm^ and a decane-solubte portion at 23 '^C of 0.20 % by weight was obtained in an amount 
of 290 g. 

t5 [0257] Melt properties and other properties of the copolymer are set forth in Table 3. 

[0258] The ethylene/1 -butene copolymer was subjected to inflation in the same manner as described in Reference 
Example 1 to form a film having a thickness of 30 jim. 

[0259] Physical properties of the film fomied from the copolymer are set forth in Table 3. 

[0260] As is evident from Table 3, an inflation film excellent in moldability, optical characteristics and strength was 
20 obtained from the above copolymer. 

Reference Example 8 

Preparation of an ethylene/a-o!efin copolymer 

25 

[Preparation of a catalyst component] 

[0261] The procedure for preparing the solid catalyst in Preparation Example 1 was repeated except for varying the 
amounts of the transition metal compounds to those given below, to prepare a solid catalyst component. 

30 

A toluene solution of bis(1 ,3>n-butyimethylcyclopentadienyl)zirconium dk;hlorlde (Zr: 34.0 mmol/l): 6.6 liters 
A toluene solution of bis(1,3-dimethylcyclopentadienyl)zirconium dichloride (Zr: 28.1 mmol/l): 2:0 liters 

. [Preparation of a prepolymerlzed catalyst] 

35 

[0262] The procedure for preparing the prepolymerized catalyst in Preparation Example 1 was repeated except for 
using the solid catalyst component prepared above, to obtain a prepolymerized catalyst. 

[Polymerization] 

40 

[0263] The procedure for the polymerization in Reference Example 7 was repeated except for using the prepolym- 
erized catalyst prepared above and varying the comonomer content to that set forth In Table 3, to obtain an ethylene/ 
1-butene copolymer different in MFR and density from the copolymer of Reference Example 7. 
[0264] Melt properties and other properties of the copolymer are set forth in Table 3. 
45 [0265] The ethylene/1 -butene copolymer was subjected to inflation in the same manner as described in Reference 
Example 1 to form a film having a thickness of 30 ^im. 

[0266] Physical properties of the film fomied from the copolymer are set forth in Table 3. 

[0267] As is evident from Table 3, an inflation film excellent in moldability, optical characteristics and strength was 
obtained from the above copolymer. 

50 

Reference Example 9 

Preparation of an ethylene/a-olefin copolymer 

55 [Preparation of a catalyst component] 

[0268] The procedure for preparing the solid catalyst In Preparation Example 1 was repeated except for varying the 
amounts of the transition metal compounds to those given below, to prepare a solid catalyst component. 
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A toluene solution of bis(1 ,3-n-butylmethylcyclopentadienyl)zirconium dichloride (Zr; 34.0 mmol/l): 5.6 liters 
A toluene solution of bis(1 .3-dimethylcyclopentadienyl)zirconium dichloride (Zr: 28.1 mmol/l): 2.9 liters 

[Preparation of a prepolymerlzed catalyst] 

[0269] The procedure for preparing the prepolymerlzed catalyst in Preparation Example 1 was repeated except for 
using the solid catalyst component prepared above, to obtain a prepolymerlzed catalyst. 

Polymerization] 

[0270] The procedure for the polymerization In Reference Example 7 was repeated except for using the prepolym- 
erized catalyst prepared above and varying the comonomer content to that set forth in Table 3, to obtain an ethylene/ 
1 -butene copolymer different in MFR and density from the copolymer of Reference Example 7. 
[0271] Melt properties and other properties of the copolymer are set forth In Table 3. 

[0272] The ethylene/1 -butene copolymer was subjected to inflation In the same manner as described In Reference 
Example 1 to f orni a film having a thickness of 30 jim. 

[0273] Physical properties of the film formed from the copolymer are set forth in Table 3. 

[0274] As is evident from Table 3, an Inflation film excellent In moldability, optical characteristics and strength was 
obtained from the above copolymer. 

Reference Example 10 

[0275] The procedure of Reference Example 8 was repeated except for using 1-hexene as a comonomer in place 

of 1 -butene, to obtain an ethylene/1 -hexene copolymer. 

[0276] Melt properties and other properties of the copolymer are set forth in Table 3. 

[0277] The ethylene/1 -hexene copolymer was subjected to inflation in the same manner as described in Reference 
Example 1 to form a film having a thickness of 30 jim. 

[0278] Physical properties of the film fomied from the copolymer are set forth In Table 3. 

[0279] As Is evident from Table 3, an Inflation film excellent In moldability. optical characteristics and strength was 
obtained from the above copolymer 

Reference Example 11 

[0280] The procedure of Reference Example 7 was repeated except for using bls(1 ,3-dlmethylcyclopentadienyl) 
zirconium dichloride singly as the transition metal compound catalyst component and varying the comonomer content 
to that set forth in Table 3, to prepare an ethylene/1 -hexane copolymer. 
[0281] Melt properties and other properties of the copolymer are set forth in Table 3. 

[0282] The ethylene/1 -hexene copolymer was subjected to Inflation in the same manner as described In Reference 
Example 1 to fomri a film having a thickness of 30 ^im. 

[0283] Physical properties of the film fonned from the copolymer are set forth in Table 3. 
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Table 3 



5 



10 



15 






Compnoitier 


Cata- 
lyst*^ 


MFR 


[Til 


Mw/Mn 


Densi- 
ty 








Kind 


Amount 
mol . % 


I/II 
by mol 


g/10- 
min 


dl/g 




g/cm? 


20 


R. Ex 


. 7 


1- 

butene 


3.0 


9/1 


2.0 


1,79 


2.1 


0.922 


25 


R. Ex 


.8 


1- 
butene 


2.5 


8/2 


1.6 


1. 88 


2.4 


0.925 




R. Ex 


, 9 


1- 

butene 


2.8 


7/3 


1.2 


1 . 95 


2.8 


0,922 


30 


R.Ex 


10 


1- 
hexene 


2.9 


8/2 


2 . 1 


1 . 64 


2 . 6 


0.523 


35 


R.£x 


11 


1- 
hexene 


3.C 


0/10 


2.0 


1 . 44 


2.9 . 


0.920 



*1 Transition metal compound catalyst component 



I : bis (1, 3-n-butylmethylcyclopentadienyl) zirconium 
dichloride 

II : bis (1, 3-dimethylcyclopencadienyl) zirconium 
cichloride 



55 
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Table 3-continuecl 





n-Decane 
Sellable 
Portion 
wt . % 


Tm 




*2 


FI 




MT 








g 




*3 


(Mw/Mn) 


*4 


R, Ex.7 


0.20 


111.0 


2.1 


1.2 


123 


300 


1.00 


0 


R.Ex. 8 




111.4 


3.5 


1.5 


•84 


240 


1.46 


0 


R.Ex, 9 




111.1 


4 . 5 


1 . 9 


94 


180 


1 . 61 


0 


R.Ex. 10 




114 .5 


2.1 


1.2 


212 


315 


0.81 


0.03 


R. Ex.11 


0.47 


112 .2 


1 .8 


1 .2 


290 


300 


0. 62 


a .35 



*2: value of 2.2xMFR-^-84 
*3: value of 150XMFR 

*4: value of 0 . 03XFI/MFR-3 . 0 (in the case of less than 0, 



the value is taken as 0) 
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Table 3-ccntinued 



5 




Phvsical Prooerties of Film 






Haze 
% 


Gloss 
% 


Impact 
St renath 
kg* cm/ cm 


Moldabil- 
itv 
*5 


10 


R. Ex. 1 


4.2 


105 


1, 850 


5B 




R. Ex. 8 


•4.6 


82 


■ 1,720 


AA 


15 


R. Ex . 9 


6.5 


55 


1,940 


AA 


R.Ex. 10 


5.6 


88 


2,270 


B6 




ComiD . Ex.1 


12.4 


37 


1, 840 


CC 


20 


Com-D . Ex.2 


7 .0 


66 


1 , 620 


BB 




Ccmc, Ex.3 


7 .2 


63 


1, 720 


AA 


25 


R. Ex.11 


9.5 


49 


3, 540 


GC 



*5 Moldability 

AA: MT > 3 g 
30 BE : 3 g > MT ^ 2 g 

CC: 2 g > MT 



35 Claims 

1. A graft modified ethylene/a-olefin copolymer obtainable by graft copolymerizing an ethylene/a-olefin copolymer 
with a polar monomer, wherein the ethylene/a-olefin copolymer is a copolymer obtainable by copolymerizing eth- 
ylene with an a-olefin of 3 to 20 carbon atoms in the presence of a catalyst for olefin polymerisation comprising 
^0 (a) an organoaluminium oxy-compound and (b) a compound of a Group IV transition metal of the periodic table 

containing a ligand having a cyclopentadienyl skeleton, wherein the ethylene/a-olefin copolymer has such prop- 
erties that: 

(i) the density is in the range of 0.850 to 0.980 g/cm^; 

('0 ^he melt flow rate (MFR) at 1 90 •C under a load of 2.1 6 kg is In the range of 0.01 to 200 g/IOmin, 
(iiO the melt tension (MT (g)). measured at a resin temperature of 1 90 •C, an extrusion rate of 15 mm/min and 
a take-up rate of 1 0 to 20 m/min using a MT measuring apparatus having a nozzle diameter of 2.09 mm<|» and 
a nozzle length of 8 mm, and the melt flow rate (MFR) satisfy the relation 

50 

MT>2.2XMFR'®®*, 

and 

(iv) the flow index (Fl (1/sec)), measured at a resin temperature of 190 °C and a shear stress of 5 x 10^ to 3 
55 X 1 06 dyne/cm2 using a capillary type flow property tester, defined by a shear rate which is given when the 

shear stress of molten copolymer at 1 90 *C reaches 2.4 x 1 0^ dyne/cm2, and the melt flow rate (MFR) satisfy 
the relation 



33 



EP 0 749 989 B1 



FI<160xMFR 

2. A graft modified ethylene/a-olefin copolymer according to claim 1 , wherein the ethylene/a-olefin copolymer has 
the following further properties: 

(v) a molecular weight distribution (Mw/IVIn) measured by GPC in the range of 1 .5 to 4, and 

(vi) MT/(Mw/Mn) and Fl/M FR satisfy the relation IVIT/(Mw/Mn) > 0.03 x FI/IVIFR - 3.0 with the proviso that when 
the value of 0.03 x FI/iVIFR - 3.0 Is less that 0, it is tal<en as 0, 

3. An ethylene copolymer composition comprising: 

[A] a graft modified ethylene/a-olefin copolymer as claimed in claim 1 or 2; and 

[B] polyolefin; 

wherein the weight ratio ([A]:[B]) of graft modified ethylene/a-olefin copolymer [A] to polyolefin [B] is from 1 : 
99 to 99:1. 

4. A film comprising a graft copolymer or copolymer composition as claimed in any one of claims 1 to 3. 

5. A molded article comprising a graft copolymer or copolymer composition as claimed in any one of claims 1 to 3. 



Patentansprilche 

1. Rropf-modifiziertes Ethylen/a-Olefin-Copolymer, das erhaltlich ist durch Pfropf-Copolymerisieren eines Ethylen/ 
a-Olefin-Copolymers mit einem polaren Monomer, wobei das Ethylen/a-Olefin-Copolymer ein Copolymer ist, das 
erhaltlich ist durch Copolymerlsieren von Ethylen mit einem a-Olefin mit 3 bis 20 Kohlenstoffatomen in Gegenwart 
eines Katalysators zur Olefin-Polymerisation, umfassend (a) eine Organoaluminlumoxy-Verbindung und (bj eine 
Verbindung eines Ubergangsmetalls der Gruppe IV des Periodensystems, enthaltend einen Liganden mit einem 
Cyclopentadienyl-Gerust: wobei das Ethylen/a-Olef in-Copolymer solche Eigenschaften hat, daB 

(i) die Dichte im Bereich von 0,850 bis 0,980 g/cm^ liegt, 

(ii) die FlieBfahigkeit (IVIFR) bei 1 90**C unter einer Last von 2, 1 6 kg im Bereich von 0,01 bis 200 g/1 0 min liegt, 

(iii) die Schmelzspannung (MT (g)), gemessen bei einer Harztemperatur von igo^'C, einer Extrusionsge- 
schwindigkeit von 16 mm/min und einer Aufnahmegeschwindigkeit von 10 bis 20 m/min unter Anwendung 
einer MT-MeBvorrichtung mit einem Dusendurchmesser von 2,09 mm und einer Dusenlange von 8 mm, und 
die FlleBfahigkeit (MFR) derfolgenden Beziehung entsprechen: 

MT>2,2XMFR'°'®^ 

und 

(iv) der FlieBlndex (Fl (l/s)), gemessen bei einer Harztemperatur von 190*C und einer Scherspannung von 5 
X 10^ bis 3 X 106 Dyn/cm? unter Anwendung eines Kapillar-FlieBelgenschafts-Testers, definiert durch eine 
Schergeschwindigkeit, die gegeben ist wenn die Scherspannung des geschmolzenen Polymers bei 190'C 
2,4 X 106 Dyn/cm2 erreteht, und FlieBfahigkeit (MFR) derfolgenden Beziehung entsprechen: 

Fl < 150 X MFR. 

2. Pf ropf-modif iziertes Ethylen/a-Olef in-Copolymer nach Anspruch 1 , wobei das Ethylen/a-Olef in-Copolymer die fol- 
genden weiteren Eigenschaften aufweist: 

(v) eine Molekulargewichtsverteilung (Mw/Mn), gemessen durch GPC im Bereich von 1 ,5 bis 4 und 

(vi) MT/(Mw/Mn) und FI/MFR entsprechen der Beziehung 
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MT/(Mw/Mn) > 0.03 x FI/MFR - 3,0 

mit der Ma3gabe, dal3, wenn der Wert von 0,03 x FI/MFR - 3,0 kleiner 1st ats 0, er als 0 genommen wird. 

3. Ethylen-Copolymer-Masse umfassend: 

[A] ein pfropf-modifiziertes Ethylen/a-Olefln-Copolymer nach Anspruch 1 Oder 2 und 

[B] Polyolefin 

wobei das Gewichtsverhaltnis ([A] : [B]) des pfropf-modifizlertes Ethylen/a-Olefln-Copolymers [A] zu dem 
Polyolefin [8] 1:99 bis 99:1 betragt. 

4. Folle, umfassend ein Pfropf-Ethylen/a-Olefin-Copolymer oder eine Copolymer-Masse nach einem der Anspruche 
1 bis 3. 

5. Formkorper, umfassend ein Pfropf-Ethylen/a-Olefin-Copolynner oder eine Copolymer-Masse nach einem der An- 
spruche 1 bis 3. 



Revendications 

1 . Copolym^re d'^thyl^ne et d'a-olefine, modifi^ par greffage, que Ton peut obtenir en copolym^risant avec greffage 
un copolym^re d'6thyldne et d'a-ol6fine avec un monomdre polaire, ledltcopolym&re d'6thyl6ne et d'a-ol4fine 6tant 
un copolymere que Ton peut obtenir en copolym6risant de I'ethylene avec une a-ol§fine ayant 3 & 20 atomes de 
carbone. en presence d'un catalyseur de polymerisation des oiefines. qui comprend (a) un compose organoalu- 
minium de type oxy et (b) un derive d'un m6tal de transition du groupe IV du tableau periodique, contenant un 
ligand possedant un squelette cyclopentadi^nyle, et ledit copolymere d'ethylene et d'a-olef ine ayant les propri4t6s 
suivantes ; 

(i) sa masse volumique est comprise dans i'intervalle allant de 0.850 a 0,980 g/cm^, 

(II) son indice de f lu idite a I'etat f ond u (M FR), k 1 90"C, sous une charge de 2, 1 6 kg, est compris dans I'intervalle 
allant de 0,01 a 200 g/10 minutes, 

(iii) sa tension a I'etat fondu (MT (g)), mesur§e k une temperature de reslne de 190**C. une Vitesse d'extrusion 
de 15 mm/minute et une Vitesse de reprise de 1 0 a 20 m/minute, k I'aide d'un appareil de mesure de MT, ayant 
un diametre d'ajutage de 2,09 mm et une longueur d'ajutage de 8 mm, et son indice de fluidit6 k l'6tat fondu 
(MFR) satisfont k la relation : 



MT>2,2xMFR , 

et 

(iv) son Indice d'ecoulement (Fl (1/seconde)), mesure a une temperature de resine de 1 QO'^C et une contrainte 
de cisaillement de 5 x 1 0"^ ^ 3 x 10^ dynes/cm2, & I'alde d'un apparel! de mesure d'ecoulement de type k 
capillaire, et defini par une vitesse de cisaillement qui est obtenue lorsque la contrainte de cisaillement du 
copolymere fondu a 190°C atteint 2,4 x 10^ dynes/cm^, et son Indice de fluldlte a I'etat fondu (MFR) satisfont 
a la relation : 



FI<150xMFR 

2. Copolymere d'^thyl^ne et d'a-ol^fine, modifie par greffage, selon la revendicatlon 1 , pour lequel le copolymere 
d'6thyl6ne et d'a-olefine poss6de les proprietes suppl6mentaires suivantes : 

(v) sa distribution de masse moleculaire (Mp/Mn), mesuree parCPG, est comprise dans I'intervalle allant de 
1,5^4, et 

(vi) MT/(Mp/Mn) et FI/MFPi satisfont k la relation : 
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MT/(Mp/Mn) > 0,03 x FI/MFR - 3,0 



6tant entendu que, lorsque la valeur de 0,03 x FI/MFR - 3,0 est inf6rieure k 0. elle est prise 6gale k 0. 
Composition renfemnant un copolymere d'ethylene, qui comprend : 

[A] un copolymere d'ethylene et d'a-olef ine, modifi6 par greffage, tel que revendiqu6 dans la revendication 1 
ou 2, et 

[B] une polyol^fine, 

composition dans laquelle le rapport ponderal ([A];[B]) du copofymfere d'6thyl6ne et d*a-ol6flne. modifl6 par 
greffage [A] a la polyol6fine [B] est de 1 :99 a 99:1 . 

Film renfermant un copolymere greff6 ou une composition contenant un copolymere, tel(le) que revendiqu6(e) 
dans Tune quelconque des revendicatlons 1^3. 

Article moul6 renfermant un copolymere greffe ou une composition contenant un copolymere, tel{le) que revendi- 
que(e) dans Tune quelconque des revendicatlons 1 a 3. 
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Fig. f 
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1 2 
M F R (g/IOmin. ) 



O : Copolymer of the present invention (Ex. 7 --Ex. 10) 

□ : Conventional copolymer (Cofip. Ex. 1) 

A : Convent i ona I copo I ymer (Comp. Ex. Z'^Comp. Ex. 4) 
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